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BEST AVAILABLE COPY 



1. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., San Francisco, California, by an assignment 
of U.S. Patent Application Serial No. 09/866,028 (the present application is a continuation of this 
application) recorded on August 29, 2001, at Reel 011913 and Frame 0155. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to an isolated polypeptide 
referred to herein as "PR036r. There exist two related patent applications, (1) U.S. Patent 
Application Serial No. 09/944,929, filed August 31, 2001 (containing claims directed to an 
isolated nucleic acid encoding the PR0361 polypeptide), and (2) U.S. Patent Application Serial 
No. 10/735,014, filed December 12, 2003 (containing claims directed to the PR0361 antibody). 
The 09/944,929 application is also under final rejection from the same Examiner and based upon 
the same outstanding rejection, an appeal of this final rejection is being pursued independently 
and concurrently herewith. The 10/735,014 application is currently being prosecuted. A 
response to a first Office action in that case was submitted on August 3, 2005. 

3. STATUS OF CLAIMS 

Claims 25-28 and 35-40 are pending in this application. 
Claims 1-24, and 29-34 are canceled. 

Claims 25-28 and 35-40 stand rejected and Appellants appeal the rejection of these 

claims. 

A copy of the rejected claims involved in the present Appeal is provided as Appendix A. 

4. STATUS OF AMENDMENTS 

There were no amendments to the claims submitted after final rejection. 1 All previous 
amendments to the claims have been entered. 



1 It is noted that in the final Office action mailed November 2, 2004, the Examiner objects to claim 35 as 
containing an unmatched bracket, which is a typographical error. Upon allowance of claim 35, Appellants will make 
the appropriate amendment to correct this typographical error. 
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5. SUMMARY OF THE INVENTION 

The invention claimed in the present application is related to an isolated polypeptide 
comprising: the amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID NO:83); 
the amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID NO:83) 5 lacking its 
associated signal peptide; the amino acid sequence of the extracellular domain of the polypeptide 
shown in Figure 32 (SEQ ID NO:83); the amino acid sequence of the extracllular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO:83), lacking its associated signal peptide; or the 
amino acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 209621 . (Claims 35-40). The invention is further 
directed to isolated polypeptides acids having at least 95% or 99% sequence identity to: the 
amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID NO:83); the amino acid 
sequence of the polypeptide shown in Figure 32 (SEQ ID NO:83), lacking its associated signal 
peptide; the amino acid sequence of the extracellular domain of the polypeptide shown in Figure 
32 (SEQ ID NO:83); the amino acid sequence of the extracllular domain of the polypeptide 
shown in Figure 32 (SEQ ID NO:83), lacking its associated signal peptide; or the amino acid 
sequence of the polypeptide encoded by the full-length coding sequence of the cDNA deposited 
under ATCC accession number 209621, wherein the polypeptide is able to inhibit proliferation of 
stimulated T-lymphocytes. (Claims 25-26). The invention is further directed to a chimeric 
polypeptide comprising one of the above polypeptides fused to a heterologous polypeptide, 
wherein the heterologous polypeptide is an epitope tag or an Fc region of an immunoglobulin. 
(Claims 27-28). 

The full-length PR0361 polypeptide having the amino acid sequence of SEQ ID NO:83 
is described in the specification at, for example, pages 14-15, Example 34, Figure 32 and SEQ ID 
NO:83. The nucleic acid encoding the PR0361 polypeptide is described in the specification at, 
for example, pages 14-15, Example 34, Figure 31 and SEQ ID NO:82. Page 21, lines 30-33 of 
the specification, provides the description for Figures 31 and 32 . PRO polypeptide and nucleic 
acid sequence variants having at least about 95% sequence identity with a full length PRO 
sequence are described in the specification at, for example, pages 23 and 59-62. The preparation 
of chimeric PRO polypeptides, including those wherein the heterologous polypeptide is an 
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epitope tag or an Fc region of an immunoglobulin, is set forth in the specification, for example, at 
page 63. 

6. ISSUES BEFORE THE BOARD 

I. Whether Claims 25-28 and 35-40 satisfy the utility requirement of 35 USC §101. 

II. Whether Claims 25-28 and 35-40 satisfy the enablement requirement of 35 USC 
§112, first paragraph. 

7. GROUPING OF CLAIMS 

With respect to Issue I, all claims (claims 25-28 and 35-40) stand and fall together. 
With respect to Issue II, all claims (claims 25-28 and 35-40) stand and fall together. 

8. ARGUMENTS 
Summary of the Arguments 
Issue I: Utility 

Appellants have previously explained that patentable utility of the PR0361 polypeptide is 
based upon the ability of the PR0361 polypeptide to inhibit proliferation of stimulated T- 
lymphocytes, as demonstrated in the Mixed Lymphocyte Reaction (MLR) assay described in 
Example 34 at page 141 of the present specification. Appellants have also submitted with their 
Response mailed August 4 5 2 0 04, the Declaration of Dr. Sherman Fong (the "Fong Declaration"). 
The Fong Declaration explains that a polypeptide shown to inhibit T-cell proliferation in the 
MLR assay would find practical utility when an inhibition of the immune response is desired, 
such as in autoimmune diseases. Accordingly, based on the teachings in the specification and the 
Fong Declaration, one of ordinary skill in the art would find it credible that the claimed PR0361 
polypeptide has utility as an inhibitor of the proliferation of stimulated lymphocytes . 

The Examiner rejects this evidence on two bases. First, according to the Examiner M the 
general teachings in the art . . . show that such a correlation is not generally accepted [because] 
[o]ne of ordinary skill in the art . . . would recognize that one cannot extrapolate the utility of a 
compound for suppressing any particular immune response in vivo, from the MLR in vitro 
assay." (Pages 3-4 of the Office action mailed November 2, 2004). In support of this assertion, 
the Examiner has cited references by Kahan, "Immunosuppressive therapy." Curr Opin. 
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Immunol, 1992. 4:553-560; Piccotti et al, "Interleukin-12 (IL-12)-Driven Alloimmune 
Responses In Vitro and In Vivo." Transplantation, 1999. 67(1 1): 1453. 1460; and Campo, et al, 
"Zinc Inhibits the Mixed Lymphocyte Culture." Biol Trace Element Res., 2001. 79:15-22. 

Second, the Examiner argues that even if an activity demonstrated in the in vitro MLR 
assay correlated with an in vivo activity, the MLR assay of the present invention still does not 
demonstrate that the claimed polypeptides are supported by a specific and substantial, or a well- 
established utility because according to the Examiner the specification neither discloses that 
sufficient controls were used nor discloses the specific data of the results of the MLR assay. 

Appellants submit that the Examiner applied an improper legal standard when rejecting 
the claims under 35 U.S.C. § 101 for alleged lack of utility on these two bases. The evidentiary 
standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totality of the evidence under consideration. Thus, to overcome the 
presumption of truth that an assertion of utility by the applicant enjoys, the Examiner must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the truth 
of the statement of utility. Only after the Examiner has made a proper prima facie showing of 
lack of utility, does the burden of rebuttal shift to the applicant. 

The three references cited by the Examiner do not suffice to make a prima facie case that 
it is more likely than not that no generalized correlation exists between the ability to inhibit 
proliferation of lymphocytes in the MLR in vitro assay and that same ability in vivo. Indeed, the 
teachings of Kahan et al are not particular to the MLR assay nor do Kahan et al examine 
whether there is a correlation between the in vitro activity of a test substance demonstrated in the 
MLR assay and the activity of that substance in vivo. Further, Piccotti et al. do not conclude that 
in vitro stimulation of Thl development never correlates with an in vivo effect, such as 
acceleration of graft rejection. Rather, Piccotti et al, conclude that the data collected from the 
experiments discussed therein indicate that IL-12R is critical for IL-12 driven alloimmune 
responses both in vitro and in vivo. Moreover, Campo et al also do not teach that there is no 
correlation between in vitro MLR activity and in vivo activity. Rather, Campo et al, simply state 
that their findings in vitro still need to be proven in vivo. Thus, the combined teachings of 
Kahan, Piccotti, and Campo do not demonstrate that more likely than not that there is no 
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correlation between the in vitro activity of a test substance, as demonstrated in the MLR assay, 
and the in vivo activity of that test substance. 

In contrast, Appellants have submitted ample evidence to show that, in general, if a 
polypeptide inhibits proliferation of lymphocytes in the MLR in vitro assay, it is more likely than 
not that the polypeptide would exhibit the same activity in vivo. First, the articles by Wolos et 
aL, "Immunomodulation by an inhibitor of S-adenosyl-L-homocysteine hydrolase: inhibition of 
in vitro and in vivo allogeneic responses." Cell Immunol. 1993 149(2):402-8; Fung-Leung et aL, 
"Tepoxalin, a novel immunomodulatory compound, synergizes with CsA in suppression of graft- 
versus-host reaction and allogeneic skin graft rejection." Transplantation. 1995 60(4):362-8; 
Townsend et aL, "Combination therapy with a CD4-CDR3 peptide analog and cyclosporine A to 
prevent graft-vs-host disease in a MHC-haploidentical bone marrow transplant model." Clin 
Immunol. Immunopathol. 1998 86(1):1 15-9; Townsend et aL, "Inhibitory effect of a CD4-CDR3 
peptide analog on graft- versus-host disease across a major histocompatibility complex- 
haploidentical barrier." Blood. 1996 88(8):3038-47; and Furukawa et aL, "Immunomodulation 
by an adenylate cyclase activator, NKH477, in vivo and vitro." Clin Immunol. Immunopathol. 
1996 79(l):25-35 (made of record in Appellants' Response mailed August 4, 2004) collectively 
teach that in general, the ability to inhibit proliferation of lymphocytes in the MLR in vitro assay 
correlates with the same inhibition activity in vivo. 

Second, the Declaration of Dr. Sherman Fong, Senior Scientist at the Department of 
Immunology/Discovery Research of Genentech, Inc., the assignee of the present application, 
shows that, in general, a polypeptide shown to have the ability to inhibit proliferation of 
lymphocytes in the MLR in vitro assay would be expected to find a practical utility when an 
inhibition of the immune response is desired, such as in autoimmune diseases . 

Thus, upon consideration of the totality of the evidence it is clear that, although there may 
be some examples in the scientific art that do not fit within the central dogma of immunology 
that there is a correlation between inhibition of proliferation of lymphocytes in the MLR in vitro 
assay and an immunosuppressive effect in vivo, these instances are exceptions rather than the 
rule . In the majority of cases , as exemplified by the articles by Wolos et aL, Fung-Leung et aL, 
Townsend et aL, and Furukawa et aL, and the Fong Declaration, the teachings in the art 
overwhelmingly show that there is a correlation between the ability of a polypeptide to inhibit 



-6- 



Appeal Brief 
Application Serial No. 10/677,471 
Attorney's Docket No. 10466/484; P2548P1C12-C1 



proliferation of lymphocytes in vitro, as demonstrated by an MLR assay, and the ability of the 
same polypeptide to achieve an immunosuppressive effect in vivo . Therefore, one of skill in the 
art would reasonably expect in this instance, based on the MLR assay data for PR0361 that the 
claimed PR0361 polypeptide would have utility as an inhibitor of proliferation of lymphocytes. 
Such a utility is useful in the treatment of diseases where a reduction in the immune response is 
desired, such as in treatment of autoimmune disorders. 

Further, the MLR assay used to identify the utility of the claimed PR0361 polypeptides, 
including the controls and means of analyzing the data gathered from the MLR assay, is both 
adequately described in the specification and well known in the art. For example, at page 141, 
the specification describes using CD4-IgG as a control in practicing the MLR assay. One of 
ordinary skill in the art would appreciate that CD4-IgG is an antibody that might be used as a 
negative control by blocking or preventing activation of allogeneic responder cells. Additionally, 
Appellants disclose that cell culture media can be used as a control. Skilled artisans would 
appreciate that cell culture media would serve as a control by providing a measure of background 
levels. Appellants have also incorporated by reference the procedures described in Current 
Protocols in Immunology, unit 3.12. Current Protocols teaches that "separate wells with control 
cultures should be set up that include - for each dose of responder and stimulator cells - replicate 
wells of responder cells with irradiated or mitomycin C-treated syngeneic stimulator cells." 
Current Protocols also teaches that values obtained from these controls will reflect background 
proliferation levels. In addition, negative controls, such as wells with either only stimulator cells 
or only responder cells might be included as a parameter of the MLR assay. Thus, sufficient 
controls for MLR are both taught by the specification and by references incorporated by 
reference. 

Moreover, Applicants have provided sufficient information regarding how to characterize 
data gathered in the MLR assay. In particular, the specification makes clear that any decrease 
below control is a positive result indicating an inhibitory effect, with decreases of less than or 
equal to 80% being preferred. Further, Dr. Fong attests that it is "his considered scientific 
opinion that a PRO polypeptide shown to inhibit T-cell proliferation in the MLR assay where the 
activity is observed as 80% or less of the control, one of skill in the art would expect to find a 
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practical utility when an inhibition of the immune response is desired such as in autoimmune 
diseases." 

Accordingly, when the proper legal standard is applied, one should reach the conclusion 
that the present application discloses at least one patentable utility for the claimed PR0361 
polypeptide. 
Issue II: Enablement 

Claims 25-28 and 35-40 stand rejected under 35 U.S.C. §112, first paragraph, allegedly 
"since the claimed invention is not supported by either a specific and substantial asserted utility or a 
well established utility . . . one skilled in the art clearly would not know how to use the claimed 
invention." (Page 5 of the Office action mailed November 2, 2004). 

Appellants submit that, as discussed above, the PR0361 polypeptide has utility in the 
inhibition of proliferation of lymphocytes. Based on such a utility, one of skill in the art would 
know exactly how to use the claimed polypeptide, without any undue experimentation. 

Claim 40 is further rejected under 35 U.S.C. § 1 12, first paragraph, as allegedly failing to 
comply with the enablement requirement because "the specification does not disclose a 
repeatable process to obtain the biological material and it is not apparent if the biological 
material is readily available to the public." The Examiner notes, however, that "Applicant has 
deposited the biological material, but there is no indication in the specification as to public 
availability." The Examiner kindly notes that "[if] the deposit is made under the Budapest 
Treaty, then an affidavit or declaration by Applicant, or a statement by an attorney of record over 
his or her signature and registration number, stating that the specific biological materials will be 
irrevocably and without restriction or condition released to the public upon the issuance of a 
patent, would satisfy the deposit requirement mad (sic) here." (Pages 6-7 of the Office action 
mailed November 2, 2004). 

Appellants submit that upon allowance of claim 40, Appellants will provide the requested 
declaration and thereby overcome this ground of rejection. 

These arguments are discussed in further detail below under the appropriate headings. 
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ISSUE I: Claims 25-28 and 35-40 satisfy the utility requirement of 35 USC §101 

The central dispute in this appeal is the utility of the polypeptides of Claims 25-28 and 
35-40. The November 2, 2004, Final Office action maintains rejection of Claims 25-28 and 35- 
40 under 35 U.S.C. §101 because allegedly "the claimed invention is not supported by either a 
specific and substantial asserted utility or a well established utility/ 1 (Page 3 of the Office action 
mailed November 2, 2004). This rejection is maintained despite Appellants' assertion of utility at 
page 141 of the specification, Appellants' arguments demonstrating why that utility is sufficient, 
numerous art references cited by the Appellants demonstrating a correlation between in vitro MLR 
assay results and in vivo activity, and despite an expert declaration attesting that a polypeptide 
shown to have an inhibitory effect in the MLR assay would be expected to have a practical utility. 

Appellants submit, for the reasons set forth below, that the specification discloses at least 
one credible, substantial and specific asserted utility for the claimed PR0361 polypeptide. 

A. The Legal Standard for Utility 

According to 35 U.S.C. § 101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and requirements of this title. (Emphasis 
added.) 

In interpreting the utility requirement, in Brenner v. Manson 2 the Supreme Court held that 
the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 
her invention, i.e. a utility "where specific benefit exists in currently available form." The Court 
concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy." 4 



2 Brenner v. Manson, 383 U.S. 519, 148 USPQ (BNA) 689 (1966). 

3 Id at 534, 148 USPQ (BNA) at 695. 

4 Id at 536, 148 USPQ (BNA) at 696. 
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Later, in Nelson v. Bowler the CCPA acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may not 
establish a specific therapeutic use. The court held that "since it is crucial to provide researchers 
with an incentive to disclose pharmaceutical activities in as many compounds as possible, we 
conclude adequate proof of any such activity constitutes a showing of practical utility." 6 

In Cross v. Iizuka 7 the CAFC reaffirmed Nelson, and added that in vitro results might be 
sufficient to support practical utility, explaining that n in vitro testing, in general, is relatively less 
complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro results 
with the particular pharmacological activity are generally predictive of in vivo test results, i.e. 
there is a reasonable correlation there between." 8 The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 
practical utility." 9 

The case law has also clearly established that applicants' statements of utility are usually 
sufficient, unless such statement of utility is unbelievable on its face. 10 The PTO has the initial 
burden to prove that applicants' claims of usefulness are not believable on their face. 11 In 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope." 12 , 13 



5 Nelson v. Bowler, 626 F.2d 853, 206 USPQ (BNA) 881 (C.C.P.A. 1980). 

6 Id at 856, 206 USPQ (BNA) at 883. 

7 Cross v. Iizuka, 753 F.2d 1047, 224 USPQ (BNA) 739 (Fed. Cir. 1985). 

8 Id at 1050, 224 USPQ (BNA) at 747. 

9 Id 

10 In re Gazave, 379 F.2d 973, 154 USPQ (BNA) 92 (C.C.P.A. 1967). 

11 Ibid 

12 In re Longer, 503 F.2d 1380,1391, 183 USPQ (BNA) 288, 297 (C.C.P.A. 1974). 

13 See also In re Jolle Si 62S¥. 2d 1322, 206 USPQ (BNA) 885 (C.C.P.A. 1 980); In re Irons, 340 F,2d 974, 
144 USPQ (BNA) 351 (1965); In re Sichert, 566 F.2d 1 154, 1 159, 196 USPQ (BNA) 209,212-13 (C.C.P.A. 1977). 
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Compliance with 35 U.S.C. §101 is a question of fact. 14 The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration. 15 Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines") 16 , which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when it 
is particular to the subject matter claimed. For example, it is generally not enough to state that a 
nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the public" 
or similar formulations used in certain court decisions to mean that products or services based on 
the claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility." 17 Indeed, the Guidelines for Examination of Applications for 
Compliance With the Utility Requirement, 18 gives the following instruction to patent examiners: 
"If the applicant has asserted that the claimed invention is useful for any particular practical 



14 Raytheon v. Roper, 724 F.2d 951, 956, 220 USPQ (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

15 In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d (BNA) 1443, 1444 (Fed. Cir. 1992). 

16 66 Fed. Reg. 1092 (2001). 

17 MPEP §2107.01. 

18 MPEP §2107 II (B)(1). 
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purpose . . . and the assertion would be considered credible by a person of ordinary skill in the 
art, do not impose a rejection based on lack of utility." 

B. Proper Application of the Legal Standard 

Throughout prosecution of the application and claims that are the subject of this appeal, 
and at page 141 of the specification, Appellants have asserted that the claimed PR0361 
polypeptide is supported by a specific and substantial or a well-established utility based on the 
ability of PR0361 to inhibit proliferation of T-lymphocytes, as demonstrated in the MLR assay. 

MLR is a well-established in vitro assay for assessing the ability of a test compound to 
stimulate or suppress T cell proliferation, and consequently the immune response of an 
individual. In brief, in an MLR assay, an immune response is produced by mixing T cells from 
antigenically distinct individuals and allowing them to react with one another in cell culture. The 
MLR assay is described in standard textbooks, including, for example, Current Protocols in 
Immunology, unit 3.12; edited by Richard M. Cocio et a/., National Institutes of Health, 
published by John Wiley & Sons, Inc., the entire contents of which are incorporated in the 
present specification by reference at page 141, Example 34. 

MLR has been extensively used and is considered to be the best in vitro model available 
to study graft-versus-host disease and graft rejection. It is well known that the transplantation of 
tissues or organs between individuals with MHC incompatibilities quickly activates the 
recipient's immune system, which then attempts to destroy the transplanted tissue or organ. 
Transplantation across minor histocompatibility loci generally induces a slower response. 
Physicians analyze the major and minor histocompatibility differences to predict the success of 
the graft and to adjust the aggressiveness of immunosuppressive therapy. MLR can be monitored 
qualitatively, for example, by following the incorporation of tritiated thymidine during DNA 
synthesis, by observing blast formation or by similar methods known in the art. 

In addition to being useful for determining histocompatibility, the MLR assay is useful 
for detecting immunostimulatory or immunoinhibitory activities of molecules like PR0361. 
Indeed, the MLR assay is widely used and is considered a standard assay for testing drug 
candidates that are potential immunomodulators. For example, the Gubler et al reference 19 , 

]9 PNAS, 88:4143-4147(1991) 

-12- 

Appeal Brief 
Application Serial No. 10/677,471 
Attorney's Docket No. 10466/484; P2548P1C12-C1 



submitted in connection with the Fong Declaration on August 4, 2004, teaches that the MLR 
assay was key to identifying IM2 as an immunostimulant of T-lymphocytes. In another 
example, the ability of tepoxalin, an immunomodulatory compound, to suppress graft-versus-host 
reaction, was first demonstrated by inhibition of proliferation of stimulated T-lymphocytes in an 
MLR assay. 20 

The MLR assay is well described in the specification at page 141, Example 34, and in the 

Fong Declaration. In particular, at page 141, the specification describes the protocol for the 

MLR assay used in the present invention. For example, at lines 13-26, the specification states: 

More specifically, in one assay variant, peripheral blood 
mononuclear cells (PBMC) are isolated from mammalian 
individuals, for example a human volunteer, by leukopheresis (one 
donor will supply stimulator PBMCs, the other donor will supply 
responder PBMCs). If desired, the cells are frozen in fetal bovine 
serum and DMSO after isolation. Frozen cells may be thawed 
overnight in assay media (37° C, 5% C0 2 ) and then washed and 
resuspended to 3x1 0 6 cells/ml of assay media (RPMI; 10% fetal 
bovine serum, 1% penicillin/streptomycin, 1% glutamine, 1% 
HEPES, 1% non-essential amino acids, 1% pyruvate). The 
stimulator PBMCs are prepared by irradiating the cells (about 3000 
Rads). 

The assay is prepared by plating in triplicate wells a mixture of: 
100:1 of test sample diluted to 1% or to 0.1%, 
50: 1 of irradiated stimulator cells, and 
50:1 of responder PBMC cells. 

100 microliters of cell culture media or 100 microliter of CD4-IgG 
is used as the control. The wells are then incubated at 37°C, 5% 
CO2 for 4 days. On day 5, each well is pulsed with tritiated 
thymidine (1.0 mC/well; Amersham). After 6 hours the cells are 
washed 3 times and then the uptake of the label is evaluated. 

In his declaration, Dr. Fong further explains that irradiating the PBMCs results in a 
population of antigen presenting cells that is mainly comprised of dendritic cells. At paragraph 7 
of his declaration, Dr. Fong explains that this is an important step in the MLR assay because: 



20 See Fung-Leung et al. t Transplantation, 60:362-8 (1995)(submitted with the Amendment and Response 



mailed August 4, 2004). 
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Dendritic cells are the most potent antigen-presenting cells, which 
are able to "prime" naive T cells in vivo. They carry on their surface 
high levels of major histocompatibility complex (MHC) products, 
the primary antigens for stimulating T-cell proliferation. Dendritic 
cells provide the T-cells with potent and needed accessory or 
costimulatory substances, in addition to giving them the T-cell 
maturing antigenic signal to begin proliferation and carry out their 
function. Once activated by dendritic cells, the T-cells are capable 
of interacting with other antigen presenting B cells and 
macrophages to produce additional immune responses from these 
cells. 

Thus, as Dr. Fong explains at paragraph 8: 

The MLR assay of the present application is designed to measure 
the ability of a test substance to "drive" the dendritic cells to induce 
the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the 
immune system to respond to a particular antigen that may not have 
been immunologically active previously. 



Similarly, as used in the present invention, the MLR assay is useful for measuring the 
ability of a test substance (or "test sample" as it is referred to in the specification at page 141) to 
"inhibit" the drive of dendritic cells to induce the proliferation of T-cells. Therefore, as used in 
the present invention, the MLR assay is neither a general predictor of immune response nor a 
measure of histocompatibility, but rather is a specific assay designed to test the ability of a 
sample, such as the polypeptide of SEQ ID NO:83 or a polypeptide encoded by the nucleic acid 
of SEQ ID NO:82, to inhibit the drive of dendritic cells to induce T-cell proliferation. 

Thus, to overcome the presumption of truth that an assertion of utility by the Appellants 
enjoys, the Examiner must make a prima facie case establishing that, even in view of the above- 
discussion, it is more likely than not that one of ordinary skill in the art would doubt the truth of 
the Appellants' assertion of utility based on the inhibitory activity of PR0361 as demonstrated in 
the MLR assay. This is a significant burden to overcome because statistical certainty regarding 
Appellants' assertion of utility is not required to satisfy 35 U.S.C. § 101. 21 Indeed, where, as 
here, an applicant has specifically asserted that an invention has a particular utility, that assertion 



21 Nelson v. Bowler, 626 F.2d at 856-857, 205 USPQ at 883-884. 
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cannot simply be dismissed as "wrong" even where there may be some reason to question the 
assertion 22 Moreover, a 35 U.S.C. § 101 rejection should only be sustained where the asserted 
utility violates a scientific principle or is wholly inconsistent with contemporary knowledge in 
the art. 23 Indeed, "any reasonable use that an applicant has identified for the invention that can 
be viewed as providing a public benefit should be accepted as sufficient, at least with regard to 
defining a 'substantial utility.'" 24 As discussed below, when the legal standard is properly 
applied, it is clear that the Examiner has not met the burden of establishing that more likely than 
not one of ordinary skill in the art would question the truth of Appellants' assertion of utility. 

C. A prima facie case of lack of utility has not been established 

The Examiner rejects Appellants assertion of utility based on results obtained in the MLR 
assay on two bases. First, according to the Examiner, "there is a poor correlation between in 
vitro results and in vivo results using the MLR assay." (Page 4 of the Office action mailed 
November 2, 2004). In particular, although the Examiner acknowledges that Appellants have 
cited art references demonstrating a correlation between in vitro results and in vivo results using 
the MLR assay, the Examiner "maintain[s] that the general teachings in the art . . . show that 
such a correlation is not generally accepted." The Examiner further argues that "[o]ne of 
ordinary skill in the art, in possession of these general teachings would recognize that one cannot 
extrapolate the utility of a compound for suppressing any particular immune response in vivo 
from the MLR in vitro assay." (Page 4 of the Office action mailed November 2, 2004). 

Second, according to the Examiner, several controls, including screening of each 
individual lot of a serum source for growth support capabilities and possible HLA antibodies, use 
of a pool of allogeneic cells to measure maximum response as well as use of an autologous 
control to ensure low background levels, are necessary for "meaningful results" in the MLR 
assay. (Page 9 of the Office action mailed May 4, 2004). The Examiner alleges that these 
controls are not disclosed in the specification, and therefore, the claimed PR0361 polypeptide is 
not supported by a specific and substantial or a well-established utility. Further, the Examiner 

22 MPEP§ 2107.02. 

23 In re Gazave, 379 F.2d 973, 978, 154 U.S.P.Q. 92, 96 (CCPA 1967). 

24 MPEP §2107.01. 
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alleges that "[t]he specification fails to provide any data or evidence of the results of the assay, 
and therefore, one of ordinary skill in the art cannot evaluate the conclusion." 

In support of the first argument, the Examiner relies on articles by Kahan et al, Piccotti et 
al, and Campo et al Specifically, the Examiner alleges that Kahan et al, teach that "no in vitro 
immune assay predicts or correlates with in vivo immunosuppressive efficacy." (Page 7 of the 
Office action mailed May 4, 2004). The Examiner alleges that Piccotti et al, "demonstrate that 
IL-12 enhances alloantigen-specific immune function as determined by MLR, but this result in 
vitro does not result in a measurable response in vivo (i.e. failure to accelerate allograft 
rejection." (Page 7 of the Office action mailed May 4, 2004). According to the Examiner, 
Campo et al, "demonstrate that while zinc suppresses alloreactivity in MLC, it does not decrease 
T-cell proliferation in vitro nor produce immunosuppressive effects in vivo." (Page 7 of the 
Office action mailed May 4, 2004). Based on these three references, the Examiner concludes that 
in general there is no correlation between in vitro MLR assay results and in vivo activity. 

Even considering these references, the Patent Office has failed to meet its initial burden 
of proof that Appellants' claims of utility are insufficient. The arguments presented by the 
Examiner in combination with the Kahan et al, Piccotti et al } and Campo et al articles do not 
provide sufficient reasons to doubt the statements by Appellants that the claimed PR0361 
polypeptide has utility. In particular, the statement by Kahan et al is a generalized statement that 
is not particular to the MLR assay either in general, or as used in the present invention. Further, 
Kahan et al do not examine whether results obtained from an in vitro MLR assay correlate with 
results obtained in vivo. Rather, Kahan et al. generally discuss the efficacy of various 
immunosuppressive therapies. Moreover, Kahan et al. is a 1992 reference. The vast majority of 
references relied on and cited by Appellants (which are discussed more fully below) are dated 
after the Kahan reference and teach a direct correlation between in vitro results in the MLR assay 
and in vivo activity. Thus, the generalized statement from the Kahan reference does not make it 
more likely than not that one of ordinary skill in the art would doubt Appellants' assertion of 
utility, based on activity evidenced in the MLR assay. 

Neither does the Piccotti et al. reference make it more likely than not that Appellants' 
assertion of utility would be doubted. Indeed, Piccotti et al, note that previously they "reported 
that the p40 subunit of IL-12 stimulates alloreactive CD8+ Thl development both in vitro and in 
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vivo." 25 Additionally, Piccotti et al do not conclude that in vitro stimulation of Thl 



development never correlates with an in vivo effect, such as acceleration of graft rejection. 
Rather, Piccotti et al y conclude that the data collected from the experiments discussed therein 
"indicate that IL-12R is critical for IL-12 driven alloimmune responses both in vitro and in vivo, 
and that IL-12 Rp2 alone does not transducer IL-12 signaling. " 26 Moreover, the Gubler et al, 
and Peterson et al references submitted by Appellants as attachments to the Fong Declaration on 
August 4, 2004 show a clear instance where the in vitro activity of IL-12 correlates with an in 
vivo immunostimulatory effect. Specifically, at paragraph 9 of his declaration, Dr. Fong 
declares: 

Such immune stimulants find important clinical applications. For example, 
IL-12 is a known immune stimulant, which has been shown to stimulate T- 
cell proliferation in the MLR assay. IL-12 was first identified in just such an 
MLR [Gubler et al. PNAS 88, 4143 (1991)(Exhibit C)]. In a recent cancer 
vaccine trial, researchers from the University of Chicago and Genetics 
Institute (Cambridge, MA) have demonstrated the efficacy of the approach, 
relying on the immune stimulatory activity of IL-12, for the treatment of 
melanoma. [Peterson et al. Journal of Clinical Oncology 21 (12). 2342-48 
(2003) (Exhibit D)]. They extracted circulating white blood cells carrying 
one or more markers of melanoma cells, isolated the antigen, and returned 
them to the patients. Normally patients would not have an immune response 
to his or her own human antigens. The patients were then treated with 
different doses of IL-12, an immune stimulate capable of inducing the 
proliferation of T cells that have been co-stimulated by dendritic cells. Due 
to the immune stimulatory effect of IL-12, the treatment provided superior 
results in comparison to earlier work, where patients' own dendritic cells 
were prepared from peripheral blood mononuclear cells (PBMCs), treated 
with antigens, then cultured in vitro and returned to the patient to stimulate 
anti-cancer response. [Thurner et al. J. Exp. Med. 190 (11), 1669-78 
(1999)(ExhibitE)]. 



Piccotti et al, "Interleukin-12 (IL-12)-Driven Alloimmune Responses In Vitro and In Vivo " 
Transplantation, 1999. 67(1 1): 1452-60, 1453 citing Rosenberg et al, "Cellular basis of skin allograft rejection: an 
in vivo model of immune-mediated tissue destruction." Annu. Rev. Immunol 1992; 10:333; Piccotti et al, 
Alloantigen-reactive Thl development in IL-12 deficient mice." J. Immunol 1998; 160:1 132. 

26 Piccotti et al, "Interleukin-12 (IL-12)-Driven Alloimmune Responses In Vitro and In Vivo." 
Transplantation, 1999. 67(1 1): 1452-60, 1453. 
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Thus, taking this evidence as a whole, as it must be taken, the Piccotti et al reference, 
either alone or in combination with the Kahan et al reference does not make it more likely than 
not that one of ordinary skill in the art would doubt the truth of Appellants' assertion of utility. 

Furthermore, even the Campo et al reference relied on by the Examiner does not teach 
that there is no correlation between in vitro and in vivo activity. Rather, Campo et al merely 
states that the in vitro results observed in the experiments discussed therein had yet to be proven 
in vivo. Moreover, Campo et al recognize that "[t]he mixed lymphocyte culture (MLC) is a 
well-established and important tool for determination of compatibility between host and donor in 
transplantation medicine, as it serves as an in vitro model for alloRenic reaction ." 27 Even further, 
Campo et al do not use the MLR (or MLC) assay to measure T-cell proliferation or inhibition, 
but rather to measure cytokine release. Therefore, the results of Campo et al are not directly 
applicable to the present situation. Of note though, Campo et al disclose that the test substance, 
zinc, did not either inhibit proliferation of T-cells in the MLC or produce immunosuppressive 
effects in vivo. Moreover, Campo et al acknowledge that: "[i]n vivo substances like 
cyclosporine A or FK506 are broadly applied, as they are capable of prolonging graft survival. In 
vitro, they show an inhibitory effect on T-cell proliferation in the MLC ." 28 Thus, when the 
parameters of the Campo reference that are relevant to the present invention are examined, 
Campo et al, even in combination with the teachings of Piccotti et al, and/or Kahan et al, does 
not make it more likely than not that one of ordinary skill in the art would doubt Appellants 
assertions of utility. 

Moreover, the combined teachings of Kahan et al, Piccotti et al, and Campo et al are 
not directed towards correlation of in vitro and in vivo activities. Therefore, Appellants submit 
that the Examiner's reasoning is based on a misrepresentation of the statements and scientific 
data presented in the above cited reference and application of an improper, heightened legal 
standard. In fact, contrary to what the Examiner contends, as discussed more fully below, the art 
indicates that, if a test substance indicates a particular activity, such as the ability to inhibit 



27 Campo et al, "Zinc inhibits the Mixed Lymphocyte Culture." Biological Trace Element Research, 2001. 
79: 1 5-22, 15-16 (emphasis added). 

28 Id. at 20 (emphasis added). 
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proliferation of lymphocytes, in the MLR in vitro assay, it is more likely than not that the test 
substance will also demonstrate that activity in vivo. 

In support of the second basis for rejecting the claims for alleged lack of utility, the 
Examiner relies on references by Stites et al (eds.) and Rose et al (eds.). According to Basic 
& Clinical Immunology (Stites et al), "MLC is typically used for determining histocompatibility 
in an individual and as a test for immunocompetence of T cells in patients with 
immunodeficiency disorders. [And] [W]hen running the MLC assay for determining 
histocompatibility for transplantation, autologous controls combining self with irradiated self are 
necessary to normalize the response of each cell to stimulators." (Page 8 of the Office action 
mailed May 4, 2004). The Examiner further argues that "there is known inherent variability of 
individual cellular responses from day to day which requires performing the entire familial MLC 
at one time in the case of determining histocompatibility for transplantation." (Page 8 of the 
Office action mailed May 4, 2004). 

Appellants respectfully submit that the controls discussed by the Examiner in the Office 
action mailed May 4, 2004, are more important when the MLR assay is used as a measure of 
histocompatibility for eventual transplant operations, but less important when the MLR assay is 
used, as here, to test the ability of a substance to stimulate or inhibit the proliferation of T- 
lymphocytes. Further, sufficient controls for the MLR assay are both known in the art and taught 
in the specification, as discussed more fully below. 

Thus, Appellants respectfully submit that the Examiner has not established a prima facie 
case of lack of utility on either basis and respectfully request that this improper ground of 
rejection be withdrawn. 

D. It is "more likely than not" that the claimed polypeptides are supported by a 
specific and substantial or a well-established utility 

However, even if a prima facie case of lack of utility were made on either (or both) of the 
bases argued by the Examiner, the evidence submitted by Appellants clearly rebuts such a case. 



29 See Basic & Clinical Immunology, Eighth Edition. Stites et a/.(eds), Appleton & Lange, Norwal, CT 
(1994) and Manual of Clinical Laboratory Immunology, Sixth Edition. Rose et al (eds), ASM Press, Washington, 
DC (2002). 
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With regard to the Examiner's first basis for alleging lack of utility, Appellants have submitted 
substantial evidence demonstrating that generally, if a test substance shows the ability to inhibit 
proliferation of lymphocytes in the MLR in vitro assay, it is more likely than not that the test 
substance will exhibit the same inhibitory activity in vivo. With regard to the Examiner's second 
basis for alleging lack of utility, Appellants also have demonstrated that sufficient controls were 
both disclosed in the specification and known in the art. Additionally, sufficient data and 
guidance are provided which allow one of ordinary skill in the art to evaluate the conclusions that 
the PR0361 polypeptide inhibits T cell proliferation in the MLR assay. 

In rebuttal of the Examiner's first argument, Appellants rely on paragraph 9 of the Fong 
Declaration (made of record in Appellants' Response mailed August 4, 2004), quoted above. As 
discussed above, paragraph 9 of the Fong Declaration discusses IL-12 as an example of an 
immunomodulatory compound that was first identified in the MLR assay and that was later 
confirmed to have an immunomodulatory effect in vivo. 

Indeed, the Gubler et al. reference, submitted on August 4, 2004 as an attachment to the 
Fong Declaration, describes first identifying IL-12 in the MLR assay. In particular, at column 1, 
page 4143, Gubler et al. teach "we initiated a search for a novel cytokines that would synergize 
with suboptimal concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro 
and thus might have synergistic immunoenhancing effects when administered together with 
recombinant IL-2 in vivo" Thus, the Fong Declaration and the references attached thereto {e.g. 
the Gubler et al. reference) clearly demonstrate that one of ordinary skill in the art, in general, 
would believe it to be more likely than not that a molecule shown to have an immunomodulatory 
effect in vitro also would have such an effect in vivo. 

In addition to the Fong Declaration and references attached thereto, Appellants also have 
submitted and rely on a 1993 article by Wolos et al., which reports that MDL 28,842 (a S- 
adenosyl-L-homocysteine hydrolase inhibitor, (Z>5'-fluror-4',5'-didehydro-5'-deoxyadenosine) 
inhibited the generation of cytotoxic T-cells in the in vitro MLR assay with an IC50 of less than 
0.1 microM. Wolos et al. further report that the observed in vitro results correlate with in vivo 
activity. In particular, in vivo, MDL 28,842 inhibited the increase in popliteal lymph node weight 
induced by injection of allogeneic spleen cells. MDL 28,842 was also evaluated in an in vivo 
model of graft rejection. It was shown that skin allografts on animals given MDL 28,842 
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survived for 12.2 days, compared to 8.7 days for control animals. 

Similarly, Appellants rely on a 1995 article by Fung-Leung et al, which reports a direct 
correlation between the observed inhibitory activity of tepoxalin in the MLR assay and inhibitory 
activity of tepoxalin in vivo. In particular, Fung-Leung et al report that tepoxalin suppressed 
murine T-cell proliferation in the MLR assay and that this in vitro inhibitory activity correlated 
with an in vivo suppression of graft-versus-host disease. Specifically, Fung-Leung et al report 
that oral administration of tepoxalin to mice suppressed local graft-versus-host disease by about 
40%. 31 

Appellants further rely on another art reference by Townsend et al, which also 
demonstrates the correlation between in vitro MLR activity and in vivo activity. Specifically, 
Townsend et al, reported in 1998, that a CD4-CDR3 peptide analog exhibited similar results 
both in vitro in MLR assays and in vivo in analyses of the effectiveness of the peptide analog at 
preventing graft-versus-host disease. 

Thus, the inhibition of T-cell proliferation by the PR0361 polypeptide as seen in the 
MLR results described at page 141 of the specification would be expected to correlate with in 
vivo results. The articles discussed herein collectively teach that in general, in vitro activity 
demonstrated in an MLR assay correlates with an in vivo effect . Significantly, as discussed 
above, the law does not require the existence of a strong or linear correlation between in vitro 
and in vivo activity. Nor does the law require that such a correlation "always" be observed. 33 
Hence, taken in total, although there may be some examples in the scientific art that do not fit 
within the central dogma of immunology that there is a correlation between MLR in vitro assay 



30 Wolos et al, "Immunomodulation by an inhibitor of Sadenosyl-L-homocysteine hydrolase: inhibition of 
in vitro and in vivo allogeneic responses." Cell Immunol. 1993 149(2):402-8. 

31 See Fung-Leung et al, "Tepoxalin, a novel immunomodulatory compound, synergizes with CsA in 
suppression of graft-versus-host reaction and allogeneic skin graft rejection." Transplantation. 1995 60(4):362-8. 

32 Townsend et al., "Combination therapy with a CD4-CDR3 peptide analog and cyclosporine A to prevent 
graft-vs-host disease in a MHC-haploidentical bone marrow transplant model." Clin Immunol. Immunopathol 1998 
86(1): 1 1 5-9. See also Townsend et al, "Inhibitory effect of a CD4-CDR3 peptide analog on graft-versus-host 
disease across a major histocompatibility complex-haploidentical barrier." Blood. 1996 88(8):3038-47; Furukawa 
et al, "Immunomodulation by an adenylate cyclase activator, NKH477, in vivo and vitro." Clin Immunol 
Immunopathol 1996 79(l):25-35. 

33 See e.g., Nelson v. Bowler, 626 F.2d at 856-857, 205 USPQ at 883-884. 
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results and in vivo activity, these instances are exceptions rather than the rule. In the majority of 
cases , the teachings in the art, as exemplified by Gubler et al, Wolos et aL, Fung-Leung et aL, 
Townsend et aL, and Furukawa et aL, the Fong Declaration, and the references cited therewith, 
overwhelmingly show that an activity demonstrated in the in vitro MLR assay correlates with in 
vivo activity. Thus, one of skill in the art would reasonably expect in this instance, based on the 
MLR data demonstrating the PR0361 polypeptide has an inhibitory effect on lymphocyte 
proliferation in vitro, that PR0361 polypeptides will have an inhibitory effect on lymphocyte 
proliferation in vivo. Accordingly, Appellants submit that the PR0361 polypeptides and nucleic 
acids have utility in the treatment of immune response, for example in autoimmune diseases. 

In rebuttal of the Examiner's second basis for rejecting the claims for alleged lack of 
utility, Appellants rely on the description of the MLR assay, and the controls used therein. In 
particular, at page 141 of the specification, Appellants disclose that CD4-IgG may be used as a 
control in practicing the MLR assay in connection with the present invention. One of ordinary 
skill in the art would appreciate that CD4-IgG is an antibody that might be used as a negative 
control by blocking or preventing activation of allogeneic responder cells. Additionally, 
Appellants disclose that cell culture media can be used as a control. Skilled artisans would 
appreciate that cell culture media would serve as a control by providing a measure of background 
levels. 

Even further, Appellants also have incorporated by reference the procedures described in 
Current Protocols in Immunology, unit 3. 12. 34 Current Protocols teaches that "separate wells 
with control cultures should be set up that include - for each dose of responder and stimulator 
cells - replicate wells of responder cells with irradiated or mitomycin C-treated syngeneic 
stimulator cells." Current Protocols also teaches that values obtained from these controls will 
reflect background proliferation levels. In addition, negative controls, such as wells with either 
only stimulator cells or only responder cells might be included as a parameter of the MLR assay. 
Thus, contrary to the Examiner's argument, Appellants have disclosed, by incorporating the 
disclosures of the Current Protocols reference, autologous controls combining self with 
irradiated self for normalizing the response of each cell to stimulators. Appellants therefore, 

34 Current Protocols in Immunology, Cocio et al (ed), John Wiley & Sons, Inc. (1991) (Units 3.12.1- 

3.12.13). 
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respectfully submit that sufficient controls for MLR are both known in the art and disclosed by 

Appellants, such that meaningful results can be achieved using this assay. 

In rebuttal of the Examiner's argument that the specification fails to provide any data or 

evidence of the results of the assay sufficient for one of skill in the art to evaluate the conclusion, 

Appellants rely on the following statement at page 141 of the specification: 

Any decreases below control is considered to be a positive result for an 
inhibitory compound, with decreases of less than or equal to 80% being 
preferred. However, any value less than control indicates an inhibitory 
effect for the test protein. 

The following polypeptide tested positive in this assay: PR0361 . 

According to the Manual of Patent Examining Procedure (the "MPEP"), Office personnel are 
reminded that they must treat as true a statement of fact made by an applicant in relation to an 
asserted utility, unless countervailing evidence can be provided that shows that one of ordinary 
skill in the art would have a legitimate basis to doubt the credibility of such a statement 

Further, Dr. Fong attests that it is "his considered scientific opinion that a PRO 
polypeptide shown to inhibit T-cell proliferation in the MLR assay where the activity is observed 
as 80% or less of the control, one of skill in the art would expect to find a practical utility when 
an inhibition of the immune response is desired such as in autoimmune diseases." The case law 
has clearly established that in considering affidavit evidence, the Examiner must consider all of 
the evidence of record anew. 35 "After evidence or argument is submitted by the applicant in 
response, patentability is determined on the totality of the record, by a preponderance of the 
evidence with due consideration to persuasiveness of argument" 36 Furthermore, the Federal 
Court of Appeals held in In re Alton, "We are aware of no reason why opinion evidence relating 
to a fact issue should not be considered by an examiner" 37 . Appellants also respectfully draw the 
Examiner's attention to the Utility Examination Guidelines 38 which state, "Office personnel must 

35 In re Rinehart, 531 F.2d 1084, 189USPQ(BNA) 143 (C.C.P.A. 1 976) and In re Piasecki, 745 F.2d. 
1015, 226 USPQ (BNA) 881 (Fed. Cir. 1985). 

36 In re Alton, 37 USPQ2d 1578 (Fed. Cir 1966) at 1584 quoting In re Oetiker, 977 F.2d 1443, 1445, 24 
USPQ2d 1443, 1444 (Fed. Cir. 1992)). 

37 In re Alton, supra. 

38 Part IIB, 66 Fed. Reg. 1098 (2001). 
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accept an opinion from a qualified expert that is based upon relevant facts whose accuracy is not 
being questioned; it is improper to disregard the opinion solely because of a disagreement over 
the significance or meaning of the facts offered." The statement in question from an expert in the 
field (the Fong Declaration) states that "it is my considered scientific opinion that a PRO 
polypeptide shown to stimulate T-cell proliferation in the MLR assay where the activity is 
observed as 80% or less of the control, as specified in the present application, would be expected 
to find practical utility when an inhibition of the immune response is desired, such as in 
autoimmune diseases." Therefore, barring evidence to the contrary regarding the above 
statement in the Fong Declaration, this rejection is improper under both the case law and the 
Utility guidelines. 

For all the reasons discussed herein, no legitimate basis for doubting the credibility of 
Appellants' statement of utility exists. Therefore, Appellants respectfully submit that the present 
specification clearly describes, details and provides a patentable utility for the claimed invention. 
Accordingly, Appellants respectfully request reconsideration and reversal of the rejection of 
Claims 25-28 and 35-40 under 35 U.S.C. §101. 

ISSUE II: Claims 25-28 and 35-40 satisfy the enablement requirement of 35 USC §112, first 
paragraph. 

Claims 25-28 and 35-40 stand rejected under 35 U.S.C. §112, first paragraph, allegedly 
"since the claimed invention is not supported by either a specific and substantial asserted utility or a 
well established utility for the reasons set forth above, one skilled in the art clearly would not know 
how to use the claimed invention." (Page 5 of the Office Action mailed November 2, 2004). 

In this regard, Appellants refer to the arguments and information presented above in 
response to the outstanding rejection under 35 U.S.C. § 101, wherein those arguments are 
incorporated by reference herein. Appellants respectfully submit that as described above, the 
claimed PR0361 polypeptides have utility in the inhibition of proliferation of lymphocytes and 
based on such a utility, one of skill in the art would know how to use the claimed polypeptides 
for treatment of the immune response, such as in autoimmune disease, without undue 
experimentation. 

Further, Appellants respectfully submit that consideration of the Wands factors, set forth 
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in In re Wands 39 and discussed on a factor-by-factor basis below, clearly indicates that the 
present specification enables one of ordinary skill in the art to make and use the claimed 
invention without undue experimentation. 

1. The Nature of the Invention 

The first Wands factor analyzed is the nature of the invention. The nature of the 
invention is discussed above at pages 3-4. 

2. The State of the Prior Art 

The second Wands factor is the state of the prior art. The Examiner contends that the 
state of the prior art regarding the correlation between the ability of a protein to inhibit 
lymphocyte proliferation in the MLR assay and the ability of the same protein to have an 
immunosuppressive effect in vivo is "unpredictable and uncertain, since [the MLR] is an artificial 
in vitro system and does not indicate for what specific conditions and for which specific diseases 
the protein would be useful." (Page 1 1 of the Office action mailed May 4, 2004). 

Appellants respectfully disagree. As discussed above, MLR is a well-established assay 
and in the present invention this assay is used for assessing the ability of a test compound to 
stimulate or inhibit T cell proliferation. Further, as discussed above, the MLR assay is described 
in standard textbooks, including Current Protocols in Immunology, and in numerous journal 
articles. Indeed, the art recognizes that: "Reactivity in the MLC probably reflects the initial 
immune recognition step of graft rejection in vivo." 40 Therefore, it is well-known in the art what 
conditions and diseases can be treated based on results obtained with a compound in the MLR 
assay. For example, many of the references cited by Appellants and discussed above, 
demonstrate that a compound shown to inhibit proliferation of T-lymphocytes in the MLR assay, 
achieves an immunosuppressive effect in vivo 41 One of ordinary skill in the art would appreciate 

39 858 F.2d 731, 737 (Fed. Cir. 1993). 

40 Basic & Clinical Immunology, Eighth Edition. Stites et ai (eds), Appleton & Lange, Norwal, CT, p. 246 

(1994). 

41 See, e.g., Fung-Leung et ai, "Tepoxalin, a novel immunomodulatory compound, synergizes with CsA in 
suppression of graft-versus-host reaction and allogeneic skin graft rejection." Transplantation. 1995 60(4):362-8. 
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that such an effect would be useful, for example, in the treatment of graft-vs-host disease. 
5, Relative Skill of Those in the Art 

The level of skill in the art is high. For example, at the effective filing date, the skilled 
artisan in the field of Immunology and Immunotherapeutics would likely be a person with a 
Ph.D. or M.D. degree, sometimes both, and with extensive experience. Such a person would, in 
fact, find it routine to carry out in vivo analyses using the PR0361 polypeptide, based on the 
guidance provided about the PR0361 polypeptide in the present application. 

4. Level of Predictability in the Art 

The art of the claimed subject matter is predictable. According to MPEP 2164.01(b), "the 
'predictability or lack thereof in the art refers to the ability of one skilled in the art to extrapolate 
the disclosed or known results to the claimed invention." As discussed above at pages 18-21, 
numerous compounds shown to have an immunomodulatory effect in the in vitro MLR assay, 
have been shown to have a related immunomodulatory effect in vivo. 42 

5. Presence of Working Examples 

In re Wands also requires the Examiner to consider the presence or absence of working 
examples. 43 As the Examiner notes in the Office action mailed May 4, 2004, Appellants describe 
the working MLR assay example at page 141 of the specification. However, the Examiner 
argues that this example is not sufficient because there is no correlation taught or well known in 
the art between the MLR assay and in vivo treatment of diseases involving the immune response. 
(Page 1 1 of the Office action mailed May 4, 2004). 

42 See also Wolos et al, "Immunomodulation by an inhibitor of S-adenosyl-L-homocysteine hydrolase: 
inhibition of in vitro and in vivo allogeneic responses." Cell Immunol 1993 149(2):402-8; Fung-Leung et al, 
"Tepoxalin, a novel immunomodulatory compound, synergizes with CsA in suppression of graft-versus-host reaction 
and allogeneic skin graft rejection." Transplantation. 1995 60(4):362-8; Townsend et ai, "Combination therapy 
with a CD4-CDR3 peptide analog and cyclosporine A to prevent graft-vs-host disease in a MHC-haploidentical bone 
marrow transplant model." Clin Immunol Immunopathol 1998 86(1): 1 15-9; Townsend et al, "Inhibitory effect of 
a CD4-CDR3 peptide analog on graft-versus-host disease across a major histocompatibility complex-haploidentical 
barrier." Blood. 1996 88(8):3038-47; Furukawae/ al, "Immunomodulation by an adenylate cyclase activator, 
NKH477, in vivo and vitro " Clin Immunol. Immunopathol 1996 79(l):25-35. 

43 Wands 858 F.2d at 737. 
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For the reasons discussed above, Appellants respectfully disagree that the MLR assay 
example provides insufficient guidance. In particular, as discussed more fully above at pages 18- 
21, numerous in vitro MLR assay results that show either inhibition or stimulation of T cell 
proliferation by a test substance, as does the MLR in the present invention, have been confirmed 
in vivo. Indeed, (also as discussed above), in paragraph 9 of his declaration, Dr. Fong declares: 

For example, IL-12 is a known immune stimulant, which has been shown 
to stimulate T-cell proliferation in the MLR assay. IL-12 was first 
identified in just such an MLR [Gubler et al. PNAS 88 , 4143 
(1991)(Exhibit C)]. In a recent cancer vaccine trial, researchers from the 
University of Chicago and Genetics Institute (Cambridge, MA) have 
demonstrated the efficacy of the approach, relying on the immune 
stimulatory activity of IL-12, for the treatment of melanoma. [Peterson et 
al. Journal of Clinical Oncology 21 (12). 2342-48 (2003) (Exhibit D)]. 

Thus, Applicants respectfully submit by describing the MLR assay at page 141, Applicants have 
disclosed sufficient working examples. 

5. Breadth of the Claims 

The claims are not overly broad. Instead all of the claimed polypeptides share a utility 
based on the ability to inhibit proliferation of stimulated T-lymphocytes. Indeed, the claims are 
directed to polypeptides with at least 95% sequence identity to SEQ ID NO: 83, or the 
extracellular domain thereof, with or without a signal peptide, or the transmembrane domain of 
SEQ ID NO: 83, or polypeptides having sequence homology thereto, or chimeric polypeptides 
thereof, wherein any claimed polypeptides that share at least 95% sequence identity to SEQ ID 
NO: 83 inhibit proliferation of stimulated T-lymphocytes. 

6. Amount of Direction or Guidance 

Significantly, the claims do not require that the polynucleotide be used to treat a patient. 
Given that the MLR assay is a well-known assay, as discussed above, one of skill in the art will 
know how to use the disclosed PR0361 polypeptide in connection with this assay. The results of 
the assay alone provide one of skill in the art with valuable information to use in identifying 
compounds with important pharmacological properties that may be used to treat various immune 
response conditions, such as graft-versus-host disease. 
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7. Quantity of Experimentation 



The Wands factors are analyzed as a tool to determine whether undue experimentation is 
required to practice a claimed invention. However, the Federal Circuit has stated that: 

[t]he determination of what constitutes undue experimentation in a given 
case requires the application of a standard of reasonableness, having due 
regard for the nature of the invention and the state of the art (citations 
omitted). The test is not merely quantitative, since a considerable amount 
of experimentation is permissible, if it is merely routine, or if the 
specification provides a reasonable amount of guidance with respect to 
the direction in which the experimentation should proceed. 

Given the established utility of a MLR assay as used in the present invention, the level of 
skill in the art, and the significant disclosure found in the specification, any experimentation that 
might be required to practice the claimed invention would be routine and not undue. 

Claim 40 is further rejected under 35 U.S.C. § 1 12, first paragraph, as allegedly failing to 
comply with the enablement requirement because "the specification does not disclose a 
repeatable process to obtain the biological material and it is not apparent if the biological 
material is readily available to the public." The Examiner notes, however, that "Applicant has 
deposited the biological material, but there is no indication in the specification as to public 
availability." The Examiner kindly notes that "[if] the deposit is made under the Budapest 
Treaty, then an affidavit or declaration by Applicant, or a statement by an attorney of record over 
his or her signature and registration number, stating that the specific biological materials will be 
irrevocably and without restriction or condition released to the public upon the issuance of a 
patent, would satisfy the deposit requirement mad (sic) here." (Pages 6-7 of the Office action 
mailed November 2, 2004). 

Appellants submit that upon allowance of claim 40, Appellants will provide the requested 
declaration and thereby overcome this ground of rejection. 

Accordingly, Appellants respectfully request reconsideration and reversal of the 
enablement rejection of Claims 25-28 and 35-40 under 35 U.S.C. §112, first paragraph. 
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9. CONCLUSION 

For the reasons given above, Appellants submit that the specification discloses at least 
one patentable utility for the PR0361 polypeptide of Claims 25-28 and 35-40, and that one of 
ordinary skill in the art would understand how to used the claimed polypeptides, for example to 
inhibit the proliferation of T-lymphocytes. Therefore, claims 25-28 and 35-40 meet the 
requirements of 35 USC §101 and 35 USC §112, first paragraph. 

Accordingly, reversal of all the rejections of claims 25-28 and 35-40 is respectfully 
requested. 

Please charge any additional fees, including fees for additional extension of time, or 
credit overpayment to Deposit Account No. 23-1925 (referencing Attorney's Docket 
No. 10466/484). 



Respectfully submitted, 



Date: September 2, 2005 




C. Noel Kaman (Reg. No. 51,857) 



BRINKS HOFER GILSON & LIONE 

P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 
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*' APPENDIX A 

Claims on Appeal 

Claim 25: An isolated polypeptide having at least 95% sequence identity to: 

(a) the amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID 
NO:83); 

(b) the amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID 
NO: 83), lacking its associated signal peptide; 

(c) the amino acid sequence of the extracellular domain of the polypeptide 
shown in Figure 32 (SEQ ID NO: 83); 

(d) the amino acid sequence of the extracellular domain of the polypeptide 
shown in Figure 32 (SEQ ID NO: 83), lacking its associated signal 
peptide; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length 
coding sequence of the cDNA deposited under ATCC accession number 
209621; 

wherein the polypeptide is able to inhibit proliferation of stimulated T-lymphocytes. 
Claim 26: The isolated polypeptide of Claim 25 having at least 99% sequence identity to: 

(a) the amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID 
NO:83); 

(b) the amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID 
NO: 83), lacking its associated signal peptide; 

(c) the amino acid sequence of the extracellular domain of the polypeptide 
shown in Figure 32 (SEQ ID NO: 83); 

(d) the amino acid sequence of the extracellular domain of the polypeptide 
shown in Figure 32 (SEQ ID NO: 83), lacking its associated signal 
peptide; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length 
coding sequence of the cDNA deposited under ATCC accession number 
209621; 

wherein the polypeptide is able to inhibit proliferation of stimulated T-lymphocytes. 
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Claim 27: A chimeric polypeptide comprising a polypeptide according to Claim 25 fused 
to a heterologous polypeptide. 

Claim 28: The chimeric polypeptide of Claim 27, wherein said heterologous polypeptide 
is an epitope tag or an Fc region of an immunoglobulin. 

Claim 35: An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID 
NO:83); 

(b) the amino acid sequence of the polypeptide shown in Figure 32 (SEQ ID 
NO: 83), lacking its associated signal peptide; 

(c) [the amino acid sequence of the extracellular domain of the polypeptide 
shown in Figure 32 (SEQ ID NO: 83); 

(d) the amino acid sequence of the extracellular domain of the polypeptide 
shown in Figure 32 (SEQ ID NO: 83), lacking its associated signal 
peptide; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length 
coding sequence of the cDNA deposited under ATCC accession number 
209621. 

Claim 36: An isolated polypeptide comprising the amino acid sequence of the 
polypeptide shown in Figure 32 (SEQ ID NO:83). 

Claim 37: An isolated polypeptide comprising the amino acid sequence of the 
polypeptide shown in Figure 32 (SEQ ID NO:83), lacking its associated signal peptide. 



Claim 38: The isolated polypeptide of Claim 35 comprising the amino acid sequence of 
the extracellular domain of the polypeptide shown in Figure 32 (SEQ ID NO:83). 
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Claim 39: The isolated polypeptide of Claim 35 comprising the amino acid sequence of 
the extracellular domain of the polypeptide shown in Figure 32 (SEQ ID NO:83), lacking 
its associated signal peptide. 

Claim 40: An isolated polypeptide comprising the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under 
ATCC accession number 20962 1 . 
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Immunosuppressive therapy 

Barry D. Kahan 

The University of Texas Medical School, Houston, Texas, USA 

Although Cyclosporin A has improved transplant outcome, its use 
has serious limitations duo to its narrow therapeutic window. New 
approaches to broaden this window exploit alternative drug formulations, 
pharmacokinetic profiling and new immunosuppressive agents, such as 
Rapamycin and Brequinar, which act in a synergistic fashion. There is no 
evidence to suggest that the pharmacological alternative to Cyclosporin A, 
FK-506, displays a broader therapeutic window, although it may be 
tenfold more potent. Similarly, despite the specificity of the lgG2a mouse 
anti-human CD3 monoclonal antibody, it displays a significant range of 
clinical side effects, delayed therapeutic action and frequently stimulates 
generation of human anti-mouse monoclonal antibodies. Recent advances 
in monoclonal antibody technology seek not only to produce antibodies 
against determinants involved in alloactivation, but also lo 'humanize' 
the antibodies for reduced side effects. The availability of this array of 
potential agents highlights the need to develop guidelines for clinical 
trial methodologies to address the unique needs and demands of organ 

transplantation. 

Current Opinion in Immunology 1992, 4:553-560 



Introduction 



After thirty years of vigorous but relatively unproductive 
research, the field of immunosuppressive drugs awak- 
ened following the approval of two agents that, in con- 
trast to the non selective drugs Azathioprine (Aza) and 
corticosteroids, display relatively specific actioas on T 
cells. One of these, the fungal undecapeptide Cyclosporin 
A (CsA), not only improved clinical outcomes and broad 
ened the clinical settings in which transplants were suc- 
cessful, but also provided a unique tool for dissecting 
activation mechanisms leading to lymphokinc synthe- 
sis. Subsequent approval of the other agent, the lgG2a 
mouse monoclonal antibody (mAb) OKT-3, heralded 
the use of reagents that bind selective T-cell surface 
markers to modulate the immune response. The past 
decade has witnessed striking progress in the devel 
opment of new pharmacological agents (Fig. 1). One 
group inhibits rymphokine biosynthesis, FX -506 or sig- 
nal transduction, Rapamycin (RAP A). A second group 
is the nucleotide synthesis inhibitors; Mizorbine 1 1 1 and 
RS61443, a morpholinoethyl-ester analog of mycopheno- 
lic acid (MPA) [2—] M block purine salvage pathways with 
the generation of guanosine monophosphate, and the 
quinoline carboxyiic acid Brequinar (BQR) blocks the 
do now synthesis of pyrimidines [3 s * 1. A third group, 



new mAbs, recognizes specific surface epitopes on T 
cells and antigen presenting cells (Fig. 2). Immunosup- 
pressive activity has been documented (4-9) with several 
mAbs that bind various determinants as shown in Table 
1. Prolonged graft survival has also been achieved with 
antibodies, or preferably their F(ab , ) 2 fragments, directed 
towards class I [10] or class II MHC antigens. A refine- 
ment of mAb technology is the production of imrnuno 
toxias. Ricin oc-chain toxin linked to mouse anti-human 
CD5 IgGl mAb has been used by Haverty (personal com- 
munication) to treat steroid -resistant graft versus host dis- 
ease in human bone marrow transplantation. This array 
of new agents proffers an unprecedented opportunity to 
design effective, yet minimally toxic, regimens to improve 
the outcome of transplantation in man. 



Limitations of existing immunosuppressive 
regimens 

Currently, clinical regimens are based upon the use of 
CsA, the immunosuppressant benefits of which are se- 
riously limited by side effects. In attempts to augment 
its efficacy, die corticosteroid Prednisone (Pred), Aza, 



Abbreviations 

ALG — anti-lymphocyte sera; Aza — Azathioprine; BQR— -Brequinar; CMV -cytomegalovirus; CsA — Cyclosporin A; 
CTL — cytotoxic T lymphocyte; DTH-r-delayed type hypersensitivity: ICAM — intercellular adhesion molecule; 
IL — interleukin; UFA — lymphocyte function-associated antigen; mAb — monoclonal antibody; 
MHC — major histocompatibility complex; MPA— mycophenolic acid; MZ& — mizorbine; . 
NF-AT — nuclear factor of activated T cells; Pred — Prednisone; RAPA Rapamycin; TCR — T-cell receptor; Th— T-helper. 
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Fig- 1. Classification of immunosuppres- 
sive drugs based upon their site of ac- 
tion in the cell cycle. In the first group, 
corticosteroid, and possibly deoxysper- 
gualin, inhibit antigen- presenting cells. 
In the second group, Cyclosporin A 
(CsA) and FK-506 inhibit lymphokine 
(LK) biosynthesis during the Q, phase 
and Rapamycin inhibits signal trans- 
duction during the phase. In the 
third group (the nucleoside synthesis in- 
hibitors), Mizorbine (MZB) and RS61443 
fa morpholinoethyl-ether analog of my- 
cophenolic acid, MPA) inhibit purine 
synthesis pathways leading to the gen- 
eration of guanosine monophosphate, 
whereas 8requinar (quinoline carboxylic 
acid) inhibits the de novo synthesis of 
pyrimidines. IL, interleukin; R, receptor. 



Fig. 2. Epitope targets of monoclonal 
antibodies. ICAM, intercellular adhesion 
molecule; IL, interleukin; MHC, major 
histocompatibility complex; R, receptor; 
TCR, T-cell receptor. 



Table 1, Determinants recognized by immunosuppressive 
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equine or rabbit polyclonal anti-lymphocyte sera (ALG) 
and/or mouse OKT-3 mAbs have been combined in em- 
pirical regimens that arc often tailored to individual pa- 
tients. To address one limitation of CsA, nephro- and/or 
hepato-toxicity during the initial past-transplant phase 
of induction immunosuppressive therapy, which delays 
allograft and patient recovery, pharmacokinetic control 



programs have been used either to pre select CsA doses 
fli] or to combine ALG or OKT-3 with Aza/Pred in or- 
der to delay treatment with CsA. However, immediate, 
rather than delayed, administration of CsA to patients 
displaying good initial renal function avoids the disad- 
vantages of ALG/OKT-3 induction, namely an increased 
risk of cytomegalovirus (CMV) infection, additional ex- 
pense and/or delayed hospital discharge awaiting sat- 
isfactory CsA levels after treatment with CsA However, 
patients at extraordinarily high immunological risk, due 
to rejection of previous allografts within three months, 
or with marginals-functioning organs may preferably be 
treated with AUG or OKT-3 induction as a possible means 
to delay the onset of their first rejection episodes. Two 
possible alternatives for induction therapy are the CsA 
analogs that may display reduced nephrotoxicity, namely 
Cyclosporin G [12 1 ( which substitutes norvaline at po- 
sition 2, and IMM-125 with a hydrophilic substituent at 
position 9. 

To date, no large randomized study has shown that the 
induction regimen alters the clinical outcome; rather, a 
small cohort reported by Belitsky et ai [ 13] showed 
no difference between ALG versus initial CsA therapy, the 
two options for induction therapy. There may be several 
reasons for this. Firstly, the polyclonal reagents, such as 
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rabbit or equine Minnesota ALG and anti-thymocyte glob- 
ulin, regardless of their source, opsonize T cells, leading 
to their removal from the circulation. This depletion opi- 
ates T-cell mediated attack on the allograft. Among odier 
factors that mast be considered is that the central intra 
venous lines required for polyclonal administration may 
be accidentally contaminated, producing septicemia. Fur 
ther, there are no indices of the efficacy of the polyclonal 
sera. Peripheral blood T-cell numbers above the target 
range of 50-1 50/ ml tend only to be useful reflections 
of the appearance of human hast anti-equine antibod- 
ies, not immunological resistance to therapy. The other 
induction therapy using OKT-3, which covers and/or 
modulates CD3 epitopes on the T-cell surface, offers 
the advantages of both peripheral intravenous admin- 
istration and readily available fluorescence-activated cell 
sorting (FACS) tests for antibody efficacy. The clinician 
monitors patient peripheral blood lymphocyte T cell epi- 
topes for (a) cells with exposed CD3 epitopes that were 
not bound by OKT-3 in vivo by their capacity to bind 
fluorescenated OKT-3 in vitro, (b) the total number of 
circulating T cells with fluorescenated anti-CD2, a pan 
T-cell marker, and (c) the proportion of OKT-3-coated 
cells detected with a goat anti-mouse IgG reagent A sat- 
isfactory therapeutic effect is observed when the patient 
has <25% OKT-3 + cells in mtromd 60-75% CD2+T 
cells, about 40% of which are coated with mouse IgG 
which binds to OKT-3. While OKT-3 represents an ad- 
vance in immunosuppressive therapy, it has several seri- 
ous limitatioas: (a) severe first-dose reactions, including 
chills, fever, myalgias and, in the worst cases, pulmonary 
oedema apparendy due to iymphokine release (panic 
ularly turnor necrosis factor and interleukin (IL) 2; (b) 
longer term adverse effects such as aseptic meningitis: 
(c) a delay in the therapeutic effect for as long as 7 
dav^ after initiation of treatment; (d) induction of human 
anti-mouse antibodies, generally of die anti idiotype vari- 
ety, but not uncommonly of broader reactivity; (e) a fre- 
quent incidence of rebound re-rejection episodes upon 
completion of the therapeutic course; and (0 a tendency 
toward CMV infections in 40% of treated patients. In ad- 
dition, both polyclonal and mAb reagents may produce 
excessive immunosuppression, resulting in increased in- 
cidences of CMV infection and'br of lymphomas and 
other neoplasms, as well as allograft thrombosis. Thus, 
selection of a CsA versus an antibody induction regimen 
mast balance the risks of nephrotoxicity versus that of 
excessive immunosuppression. 

The use of CsA has reduced the risk of acute rejection, 
but a rational approach to CsA administration is confused 
by the tremendous variability between individuals in dnig 
pharmacokinetics and pharmacodynamics [14], which, in 
rum, generates a fear of irreversible renal injury in case 
the CsA dose is excessive. Three approaches have been 
used to address this problem: (a) combining reduced 
CsA doses with subtherapeutic amounts of Aza [15|; 
(b) monitoring the parent compound CsA based upon its 
trough concentration prior to the next drug dose | \6\; 
and (c) adjusting CsA doses prospectively based upon 
average concentrations calculated from serial measure- 
ments of the area under the concentration- time curve 



(II). Since drug absorption presents the greatest vari- 
ability in pharmacokinetics, attempts have been made 
to increase CsA bioavailability by co-administration of 
Vitamin E (17|. In addition, the manufacturer has pro- 
duced a new micro emulsion formulation that increases 
the bioavailability by twofold above that of the exist- 
ing oral solution or capsule preparation, which show 
equivalent bioavailability in studies comparing both for- 
mulations 1 18]- The critical issue seems to be the drug 
concentration in the allograft. While direct intra arterial 
infusion has been used for experimental models of re- 
nal or cardiac allografts, good drug uptake in man can 
be achieved by presenting CsA as an aerosol in absolute 
ethanol when it has a mean particle diameter of 1.2 mi- 
crons [19|. 

Optimal use of CsA demands the measurement of drug 
concentrations/activities at the level of its lymphocyte re- 
ceptor or target signal transduction molecuIe(s), which 
may be calcineurin (an enzyme that may be involved 
in a common step associated with T-cell and IgE re- 
ceptor signaling pathways) (20**1 or the nuclear factor 
of activated T cells (NF-AT). However, a major limita- 
tion may be the failure of CsA to inhibit lymphocyte 
activation via the CD28 surface marker (21 J, an impor- 
tant co-stimulatory pathway that together with T-cell re- 
ceptor (TCR) stimulation blocks induction of anergy in 
T cell clones [22]. Fortunately, rejection episodes under 
CsA prophylactic therapy tend to be readily reversed by 
corticosteroid therapy, and the majority of steroid- resis- 
tant episodes are overcome with polyclonal ALG and/or 
OKT 3 therapy. Corticosteroids are believed to represent 
the Achilles heel of transplantation because of the wide 
distribution and pleiotropic effects- of the glucocorticoid 
receptor superfamihy found in the cytoplasm. These are 
DNA binding dimeric transcription factors with a zinc fin- 
ger structure that recognize enhancer (or negative reg 
ulator) elements bearing the ORE motif (GTACAnnnT- 
GTTCr, where n = any nucleotide). One important neg- 
ative regulatory element is the AP-1 binding site, normally 
the focus for fos-jun heterodimers [23]. An alternative 
approach to the reduction of IL-iP generation, an action 
typical of corticosteroids, is to inhibit the enzyme that 
cleaves the inactive 31 kD precursor between Asp 1 16 and 
Ala 117 to release the 153 carboxyi -terminal amino acids 
that constitute IL-ip (24]. Another immunosuppressive 
effect may be achieved by the upregulation of the syn- 
thesis of transforming growth factor-P by steroids (25]. 
Withdrawal of steroid treatment months to years after the 
transplant may be successful in patients who did not re- 
ject the transplant (26 # j. 

Preliminary data suggest that a ten-day course of die IgM 
mouse anti-human a/p TCR mAb T10B9.1A-31 (4], but 
not BMA031 (C Groth. personal communication), not 
only produces equivalent therapeutic effects to those of 
OKT-3, but is less toxic in terms of incidence of fever 
and neurological and respiratory symptoms, as well as 
of subsequent infections. Furthermore, T10B9 therapy is 
not associated with as great a rise in serum creatinine 
during treatment as OKT3, suggesting a more rapid 
attenuation of the allo-inimune response. However, the 
repeated use of xenogeneic antibodies during the induc- 
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tion phase as well as for ami- rejection therapy may be 
complicated by the development of neutralizing human 
anti-mouse antibodies. 

A major goaJ of maintenance immunosuppressive ther- 
apy is prophylaxis against chronic rejection. To date, not 
only has CsA/Pred therapy failed to reduce the incidence 
of this complication from the 8-10% level observed un- 
der the Aza/Pred combination, but there is no way to 
determine if the failure is due to its inherently modest in- 
hibition of B cell responses or to physicians' tendency to 
limit CsA therapy to minimal, possibly ineffective, doses 
in order to mitigate a renal injury. Thus, despite the im- 
provement in initial graft survival, transplants continue to 
be lost in the longer term, with half-lives of about seven 
years for cardiac and 11.5 years for renal transplant in 
humans. A recent study of the effects of immunosuppres- 
sive drugs on coronary vascular disease in heterotopic rat 
cardiac allografts suggests that RAPA particularly, CsA to 
a lesser extent, but definitely not FK-506, inhibit padio 
logical endothelial and smooth muscle lesions in arteries 
and arterioles, which seem to be the critical lesioas in the 
progression of chronic rejection [27). 



New pharmacological agents 

Both the macrolidc FK-506 and the undecapeptide CsA 
interrupt l>Tnphokine synthesis by inhibiting generation 
of the Ca 2 + dependent regulatory proteins NF-AT, NFIL 
2A, NFIL-2B, and NF-xP, but not c-fos f which is necessary 
for IL-2 generation. Presumably, both drugs also affect 
serine protease gene transcripts, an excellent marker of 
rejection (28). The inhibition of cytotoxic T lymphocytes 
(CTLs ), even in the presence of optimal amounts of IL-2, 
is a prominent effect of CsA [29] and, apparently, FK-506. 
Despite the assumption diat CsA and FK-506 produce 
similar inhibitory effects, at least three differences have 
been observed: first, FK 506* displays a flatter inhibition 
curve than CsA with a wider discrepancy in potency at 
the 50% inhibition than at the 95% inhibition level; sec 
ondly, CsA leads to the generation of suppressive T cells, 
whereas FK-506 docs not; and thirdly, although both 
drugs inhibit CD4+ T helper (Th) h-mphocytes, which 
secrete 11. 2, only CsA (and not FK-506) permits priming 
of CD8 + CTLs (30). Furthermore, Bretscher and Havcle 
(31 1 suggest that CsA switches the immune rcspoase to 
the graft from a delayed type hypersensitivity (DTH) re- 
sponse to an IgO respoase by inhibiting the Thl subset 
with the emergence of the 1112 subset, which actively in- 
duces IgG via U. 4 generation and inhibits Thl cells and 
DTH via 11.-10. Both CsA and FK-506 spare transcription 
of die down-regulatory tymphokine IL-10. While CsA in- 
hibits transcription of IL-6, this factor is not affected by 
FK-506. 

The coming year should witness publication of a vast ar 
ray of randomized trials comparing the clinical outcome 
of liver and renal transplants in patients treated with 
FK-506 versus CsA So far. a preliminary non-random- 
ized study of liver recipients showed drat FK-506 therapy 
displays greater neurotoxicity, equivalent nephrotoxicity, 



but, possibly, less hypertension than docs CsA therapy 
[32"J. A further claim that corticosteroids do not have 
to be used with FK 506 cannot be assessed due to two 
factors: firsdy, the protocol stipulated higher Pred doses 
in die CsA cohort than those used with FK-506; and 
secondly, to date, there is no pharmacokinetic analysis 
of Pred concentrations in CsA versus FK-506 treatment 
groups in order to exclude a drug interaction. Addi- 
tionally, the extremely poor results in the initial study, 
wherein allegedly CsA-resistant patients were converted 
to treatment with FK 506, actually reflected antagonism 
between the two drugs caused by (a) an adverse im- 
munological interaction between the two agents that ap- 
parendy have similar meclianisms of action [33] and (b) 
competitive pharmacokinetic interactions. Although FK- 
506 has not yet been shown to achieve clinical results 
even equivalent to those of CsA, eventual definition of its 
relative therapeutic window wiil depend upon Phase II 
studies to select well-tolerated drug doses for random- 
ized trials versus CsA therapy, 

When a second agent, RS61 443, was added in doses of 
2 500-3 500 mg per day to a CsA/Pred regimen, it seemed 
to reduce the incidence of acute rejection episodes. How- 
ever, these high doses are likely to produce toxicity, 
particularly leukopenia and gastrointestinal complaints 
|2*»). Randomized placebo-controlled trials are under- 
way to assess the efficacy of RS61443 versus Aza added 
to a CsA/Pred regimen. Other studies are examining the 
impact of a fourth agent, deoxyspergualin, to potentiate 
an AK>/Aza/*Pred/CsA induction protocol. 

The studies that claimed Aza displays pharmacological 
synergism with CsA failed to utilize rigorous experi- 
mental design or data analysis [34]. For instance, both 
in vitro analyses [35] and clinical results demonstrate 
that Aza acts in an additive manner rather than syner- 
gistically with CsA [36]. Similarly, in vitw analyses sug- 
gest that RS61443 [37), mizorbine [37], and thalidomide 
[38] also act in an additive manner with CsA. Although 
initial data suggested that BQR potentiates the effect of 
CsA 13"] , recent experiments document tnie synergism 
[37]. However, CsA'RAPA combinations show the most 
impressive degree of synergy both in tittv and in vivo 
[39]. Once Phase I toxicity trials have been completed, it 
will be possible to assess whether BQR or RAPA displays 
the synergistic effects with CsA in human transplantation 
that are evident in rodents and large animal mcxiels. 



New monoclonal antibody reagents 



Second generation mAbs are being designed to avoid the 
severe systemic reactions due to lymphokinc release diat 
follow initial doses of OKT-3. For example, die lgG2b 
anti-human a/p TCR mAb BMA 031 used for induction 
therapy (three 50 mg doses administered on alternate 
days) delays die onset of first rejection episodes and 
probably improves one-year graft sunival (R Knight and 
BD Kahan, unpublished data). S-milar benefits have been 
reported with mouse and rat mAbs produced against the 
activation induced ot-chain, or to new epitopes resulting 
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from the formation of the otP complex, of the IL-2 recep- 
tor [8]. 

However, treatment with these antibodies leads to a 
high incidence of human anti mouse antibodies, which 
may attenuate the immunosuppressive effects. Recent 
work has explored approaches to construct either (a) 
'chimeric* antibodies bearing human Fc segments joined 
to mouse F(ab')2 fragments, or (b) 'humanized* mAbs 
with mouse idiorypes inserted onto human IgG isotypes 
(Fig.3). Chimeric antibodies combine the variable re- 
gions of mouse antibodies with human antibody constant 
regions and, therefore, present fewer foreign amino acid 
sequences to the host However, one third of the struc- 
ture is still of mouse origin. Furthermore, a clinical trial 
using a chimeric anti-CD7 mAb not only failed to achieve 
a superior level of immunosuppression induction, but 
also increased the incidence of vascular thromboses (7]. 
The latter effect may have been related to the adhesion of 
Fc receptors on platelets and rx>r>Tnorphonuclear leuko- 
cytes to the human Fc regions, bound to endothelium 
via mouse epitopes. On the other hand, 'humanized' an- 
tibodies combine only the smallest part of a mouse an- 
tibody that is required, the antigen combining site, with 
human variable region frameworks and constant regions. 
Due to the reduced affinity of 'humanized' antibodies for 
antigen epitopes, Co el al [40* ] recommended two inno- 
vations: firstly, selection of a human framework that is as 
homologous to the original mouse antibody as possible; 
and secondly, insertion of key residues from the mouse 
model into the construct in order to achieve a molecular 
conformation that is similar to the native idiotype. The 
beneficial effects of chimeric and 'humanized' variants of 
mouse mAbs will be clarified only by randomized clinical 
trials. 

Two alternative approaches seek to utilize mAbs di- 
rected against donor MHC antigens or against co-re- 
ceptor molecules. In a study of non-human primates, 



OKT-4A IgG2A mAbs, which react with the CD4 co-recep- 
tor on Th cells, provoked fewer side effects than OKT-3 
(6). In an initial clinical trial of OKT-4A induction ther- 
apy (0.2mg'1cg/day), all six patients suffered rejections. 
These rejections were reversible, but left residual areas 
of dead tissue resulting from an obstruction of the blood 
supply in half the renal allografts. Unforninately, OKT-4A 
also generated a strong human anti-mouse antibody re- 
sponse 0 Barry, personal communication). Experimental 
animal models are currently being used to determine if 
antibody efficacy is related to T-cell deletion and is poten- 
tiated by simultaneous treatment with an anti -CD8 mAb. 
On the one hand, Fathrnan and colleagues [41] found 
that depleting anti-CD4 mAbs produced prolonged allo- 
unresponsiveness toward allogeneic pancreatic Islets, an 
effect that was moderated by simultaneous treatment with 
anti CD8 + mAbs, suggesting the role of a regulator CDS + 
cell. On the other hand, Waldmann and colleagues [42] 
induced tolerance toward mouse heart transplants where 
the donor and recipient were not matched at MHC level 
using an anti-CD4 mAb that not only did not deplete T 
cells but also was potentiated by simultaneous adminis- 
tration of an anri-CDB mAb. 

A second approach to co-receptor molecules Is based on 
the interaction of lymphocyte function associated anti- 
gen (LFA)-l on CTLs with the intercellular adhesion 
molecule (ICAM)-l or monocytes. Expression of iCAM-1 
is up- regulated following lymphokine release, which oc- 
curs during acute allograft rejection but not during other 
pathological events in the kidney [43 ## J. Prophylactic and 
therapeutic administrations of a mAb directed against the 
high molecular weight a chain of human ICAM-1 'alone 
delayed both the onset and progression of rejection 
episodes in primate renal allograft models. Using mouse 
mAbs directed against LFA-1, Stoppa et at [44] reversed 
steroid resistant acute graft versus host reactions in man. 
Indeed, the combination of anii-ICAM-1 and anti-LFA-1 
mAbs produced allo-tolerance in mice that were not com- 




Chimeric human-mouse mAb 



'Humanized' mAb 



fig. 3. Types of monoclonal antibody. 
Chimeric antibodies combine the vari- 
able regions of mouse antibodies with 
human constant regions and, therefore, 
present fewer foreign amino add se- 
quences to the host. Humanized' anti- 
bodies combine only the smallest part 
of a mouse antibody that is required, 
the antigen binding site, with human 
variable region frameworks and con- 
stant regions. 
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patible at the MHC level (45 ## ). These promising results 
in animal models using mAbs directed against T-cell and 
monocyte co-receptors await confirmation in controlled 
clinical trials. 

While clinical interventions to date have focused on using 
mAbs directed towards surface epitopes important for 
the afferent limb of the alio immune respoase, there is 
increasing evidence mat anti-idioiypic antibodies, either 
exogenous!}' introduced or endogenously, spontaneously 
generated, may regulate the induction of allo-immune re 
sponses. A recent study performed by Snider [46] sug 
gested that immunization of hosts with amigetb-antibody 
complexes confers a bias in the epitope, resulting in a 
less efficient antibody response that shows anti -idiotypic 
properties. This approach represents a particularly fertile 
ground for clinical exploration. 



Cytokine receptor analogs and antagonists 

A new group of immunosuppressive agents are the cy- 
tokine receptor antagonists, ifie discovery and initial test- 
ing of an 1L 1 receptor antagonist has been reviewed by 
Arend (47). IgG-stimuIated human monocytes naturally 
produce IL-1 receptor antagonist, a heterogenous array 
of glycoproteins of 1 5-25 kD, depending upon their de- 
gree of glycasyiation. IL-1 receptor antagonist binds type 
I, but not type II, IL-1 receptors without activating cells 
and with coasidcrably less avidity than native IL-1 a and 
IL-1. Type I IL-1 receptors are present on Th2 cells 
and fibroblasts; Type II IL-1 receptors are present on 
B cells, neutrophils, and macrophages. Although ther- 
apeutic triaLs of IL-1 receptor antagonist in rheumatoid 
arthritis and septic shock suggest some beneficial effects, 
Fahcrty etai [48] failed to observe that IL-1 receptor an- 
tagonist inhibited induction of CTLs, cutaneous DTH, or 
T cell dependent humoral antibody responses. They also 
found that administration of a mAb to type II IL-1 recep- 
tor (35F5) was ineffective. Fanslow ct al [49*1 recendy 
extended their previous studies, wfiich used constructs 
of the extra-membranous portion of the IL-1 receptor, 
by using similar constructs of the IL-4 receptor. In the 
initial studies, they prolonged heterotopic pinnal, neona 
tal mouse heart allograft survival, but failed to prevent 
allo-sensitization. as documented by a rapid, secondary 
type proliferative response upon in vitro one-way mixed 
lymphocyte reactions. In their recent studies, constructs 
of IL-4 receptor alone, or in combination with rat anti- 
mouse IL-4 receptor mAb, induced modest prolongation 
of heart alJo-expIants. 



Immunosuppressive drug trials 

Of the numerous obstacles currendy hindering the devel 
opment of efficacious immunosuppressive regimens, the 
lack of methodology for clinical traasplantittion trials is of 
particular importance. To date, no scries of Phase I and 
II toxicity and dose-finding trials has been conducted in 



order to establish a foundation for clinical investigation. 
The introduction of Aza. steroids, and CsA, as well as the 
preliminary trials of FK 506, have relied upon empirical 
approaches. Important obstacles to comprehensive triaLs 
include the relatively small numbers of transplant cases, 
die use of unrefined end points such as graft and patient 
survival, and die lack of well-established criteria for the 
diagnosis and grading of rejection episodes, deficits that 
obfuscate the use of this event as an intermediate end- 
point. In addition, no in vitro immune assay predicts 
or correlates with in vivo immunosuppressive efficacy; 
hence, there is no surrogate immune parameter as a basis 
of immunosuppressive efficacy and/or for dose extrapo- 
lation from in vitro systems to in vivo conditions. 

Since present results with CsA-based regimens yield ex- 
cellent graft survivals, extremely large numbers of pa- 
tients mast be entered into clinical trials to document 
improved efficacy of a new agent. Even more extensive 
efforts will be needed to exclude the possibility tliat the 
results with the new agent are not actually worse than 
those obtained with the existent CsA regimen. In light 
of the presently high success rates, the benefits of any 
new regimen mast be based upon both the potency' 
and die mitigation of side effects, as assessed by quan- 
titative parameters, including glomerular filtration rates. 
The practice of clinical research in transplantation must 
proceed to develop principles of rigorous study design 
and precise analytical tools in order to most expeditiously 
evaluate the available array of new immunosuppressants 
described in this review. 
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IN VITRO AND IN VIVO 

Requirement for /31 Subunit of the IL-12 Receptor 1 
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Background. Interleukin-12 (IL-12) mediates its bio- 
logic activities via binding high-affinity receptors on T 
and natural killer cells. Although emphasis has been 
placed on the requirement for IL-12R02 in IL-12 bio- 
activity, the role of IL-12R/31 is less well defined. The 
current study evaluated the effects of exogenous IL-12 
on alloantigen-specific immune responses and deter- 
mined the requirement for IL-12R01 in IL-12-mediated 
alloimmunity. 

Methods. The mouse heterotopic cardiac transplant 
model was employed to evaluate the effects of IL-12 on 
alloantigen-specific immune responses in vivo. In ad- 
dition, EFN-Y production in mixed lymphocyte cul- 
tures (MLC) supplemented with IL-12 was measured to 
assess the effects of IL-12 on Thl function in vitro. 
Mice deficient in IL-12R/31 (IL-12R/J1-'") were used to 
determine the requirement for this receptor compo- 
nent in IL-12-driven alloimmune responses. 

Results. Addition of IL-12 to MLC consisting of wild- 
type splenocytes enhanced alloantigen-specific prolif- 
erative responses and Thl development. In contrast, 
IL-12 did not alter these in vitro immune parameters 
in IL-12R01~'~ MLC. Treatment of wild-type cardiac 
allograft recipients with IL-12 resulted in high concen- 
trations of serum interferon-? (IFN-y) and a 10-fold 
increase in IFN-y production by recipient splenocytes 
after restimulation in vitro. However, this fulminate 
Thl response did not accelerate allograft rejection. 
Importantly, IL-12 had no effect on serum IFN-y or in 
vivo priming of Thl in IL-12R/31 - ' - recipients. Finally, 
administration of IL-12 to WT allograft recipients re- 
sulted in a bimodal alloantibody response: antibody 
production was suppressed at high doses of IL-12, and 
enhanced at lower doses. 

Conclusions. IL-12 markedly enhances alloantigen- 
specific immune function; however, these exaggerated 
Thl-driven responses do not culminate in accelerated 
allograft rejection. Further, these data indicate that 
IL-12R01 is essential for the enhancement of both in 
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vitro and in vivo alloimmune responses by exogenous 
IL-12. 

It is well established that interleukin-12 (IL-12*) is a crit- 
ical cytokine involved in the regulation of Thl- and Th2- 
mediated immune responses in several experimental models 
(reviewed in 1 and 2). IL-12 has direct stimulatory and in- 
hibitory effects on Thl and Th2, respectively (3-6). Further, 
this cytokine promotes Thl and inhibits Th2 development 
indirectly by inducing interferon-? (IFN-y) production by ac- 
tivated T ceils and natural killer cells (7-12). Thl have been 
accepted as key regulators of allograft rejection, in that this 
cell type promotes both delayed-type hypersensitivity and 
cytotoxic T lymphocyte responses, which are believed to be 
the principle terminal effector mechanisms of acute allograft 
rejection (13 , 14). An understanding of the role of IL-12 in 
graft rejection is just emerging. For example, IL-12 clearly 
augments alloreactive Thl development in vitro (25). How- 
ever, the presence of IL-12 is not mandatory for the develop- 
ment of acute cardiac allograft rejection (25, 16). Hence, an 
important question is whether enhanced Thl function alters 
the rejection response. Given the IL-12/Thl dogma, one 
would predict that IL-12 would augment alloreactive Thl 
function, resulting in accelerated allograft rejection. The 
present study therefore was designed to test the hypothesis 
that IL-12-driven Thl responses would exacerbate cardiac 
allograft rejection. 

IL-12 mediates its biologic effects by interacting with a 
high-affinity receptor, which consists of at least two cloned 
components, IL-12R/31 and IL-12R02 (17-19). IL-12R01 in- 
teracts with the p40 subunit of IL-12, whereas the p35 sub- 
unit of IL-12 is believed to bind to IL-12R/32 (29, 20). Em- 
phasis has been placed on the necessity for IL-12R/32 in IL-12 
signaling (22, 22). However, by utilizing IL-12R01 knockout 
mice (IL-12R01" 7 "), Wu et al (23) recently reported that the 
01 subunit of IL-12R is essential for IL-12-driven prolifera- 
tion and IFN-y production by mitogen-activated blasts, nat- 
ural killer cell lytic activity, and IFN-y production in re- 
sponse to endotoxin. We have reported that the p40 subunit - 
of IL-12 stimulates alloreactive CD8+ Thl development both 
in vitro (24) and in vivo (25). These observations suggest that 

* Abbreviations: Con A, concanavalin A; ELISA, enzyme-linked 
immunosorbent assay; GVHD, graft-versus-host disease; H&E, he- 
matoxylin and eosin; lFN-% interferon-?; IL, interleukin IL- 
12R01~'~, mice deficient in 01 subunit of IL-12 receptor, mAb, mono- 
clonal antibody; MLC, mixed lymphocyte culture; WT, wild-type. 
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IL-12R01 may be needed for alloreactive Thl development, 
and that signaling through IL-12R01 may be sufficient to 
mediate IL-12's biologic activity on CD8+ T ceils. Hence, the 
present study employed IL-12R/31""'"" mice to determine 
whether 01 subunit of IL-12R is required for IL-12-induced 
alloantigen-specific immune responses. To our knowledge, 
this study is the first to investigate the effects of IL-12 
treatment on alloreactive Thl development in vivo and to 
establish a mandatory role for IL-12R/31 in IL-12-driven al- 
loimmune responses. 

MATERIALS AND METHODS 

Mice. Wild-type (WT) C57BL/6 and BALB/c mice between 6 and 
12 weeks of age were obtained from Charles River Laboratories 
(Raleigh, NO. Generation of C57BL/6 IL-12R01"'" mice has been 
described previously (23). These mice were generated on the 129/Sv 
background and back-crossed to C57BL/6 mice for five generations, 
then intercrossed to generate homozygotes. 

Medium. The culture medium used in these studies was Dulbec- 
co's minimum essential medium supplemented with 1.6 mM L-glu- 
tamine, 0.27 mM L-asparagine, 1.4 mM L-arginine HCl, 14 /xM folic 
acid, 10 mM HEPES buffer, 1.0 mM sodium pyruvate, 100 units/ml 
penicillin/streptomycin, 2% fetal calf serum (all obtained from Life 
Technologies, Grand Island, NY), and 5xl0~ 5 M 2-mercaptoethanol 
(Sigma Chemical, St Louis, MO). 

Mitogen-driuen cytokine production. To investigate the require- 
ment for the 01 subunit of IL-12R in mitogen-stimulated IL-10 and 
IFN-y production, splenocytes (2X10 6 cells/ml) isolated from naive 
WT or IL-12R/31"'" C57BL/6 mice were incubated for 72 hr with 1 
pg/m\ concanavalin A (Con A) (Sigma Chemical). Cultures were 
supplemented with 1 ng/ml murine recombinant IL-12 (rIL-12) 
(kindly provided by Dr. Maurice Gately, Hoffmann- La Roche Inc.) to 
assess the effect of exogenous IL-12 on Con A-stimulated cytokine 
production by splenocytes of WT and IL-12R/31 -deficient mice. Re- 
sulting supernatants were harvested at 72 hr, and the concentra- 
tions of IL-10 and IFN-y measured by enzyme-linked immunosor- 
bent assay (ELISA). 

In vitro alloimmune responses. To assess alloantigen-specific Thl 
development, splenocytes (lx 10 s cells/ml) isolated from naive WT or 
IL-12R/U - '" C57BIV6 mice were incubated for 5 days with irradi- 
ated (5000 rads) BALB/c splenocytes (lxlO 6 cells/ml). Where indi- 
cated, 1 ng/ml of murine rIL-12 was added to primary mixed lym- 
phocyte cultures (MLC) to assess the effect of exogenous IL-12 on 
alloantigen-driven Thl function and to evaluate whether Thl from 
IL-12R01-deficient mice were responsive to IL-12 stimulation. The 
concentration of rIL-12 was selected from dose-response experiments 
in which the amount of r IL-12 needed for maximal enhancement of 
alloantigen-specific proliferation was 5-10 ng/ml (data not shown). 
Resulting cell populations were harvested, washed three times, and 
restimulated (at 1X10 6 cells/ml) with irradiated BALB/c stimulator 
cells (1x10 s cells/ml). MLC supernatants were collected after 24 hr 
(IL-4 and IL-10) or 72 hr (IFN-y), and cytokine concentrations mea- 
sured by ELISA. 

In addition, splehocyte proliferative response to alloantigens was 
determined in cultures either left unmodified or supplemented with 
1 ng/ml murine rIL-12. WT or IL-12Rpr'~ C57BL/6 splenocytes 
(1X10 6 cells/ml) were stimulated for 5 days with irradiated BALB/c 
splenocytes (IX 10 6 cells/ml) in 96-well U-bottom plates (BectOn 
Dickinson, Lincoln Park, NY) in a final volume of 200 pi (done in 
quadruplicate). Cultures were pulsed with 0.5 /j.Ci/well [methyl- 
3 Hlthymidine (ICN, Costa Mesa, CA) for the final 8 hr of the incu- 
bation period. [methyl- 3 H]Thymidine incorporation was assessed on 
a Wallac 1205 Betaplate scintillation counter (Wallac, Turku, Fin- 
land). 

Heterotopic cardiac transplantation. Intact BALB/c (H2 4 ) hearts 
were anastomosed to the great vessels in the abdomens of WT or 



IL-12R01"'" C57BL/6(H2 b ) mice as described by Corry et al. (25) ^ 
this model, the transplanted heart is perfused with the recipient' 
blood and resumes contractions until acutely rejected, which occurs 
in unmodified WT recipients of this strain combination in approxi 
mately 8-9 days U5, 24). Graft function was evaluated by dail 
abdominal palpation. Myocyte damage and intensity of graft-infy. 
trating cells were assessed by routine hematoxylin and eosin (H&E) 
staining of paraffin-embedded sections of transplanted allografts. 

Experimental groups. Cardiac allograft recipients were divided 
into four groups: (1) recipients injected intraperitoneally with 1 mgof 
anti-CD8 monoclonal antibody (mAb) (hybridoma 2.43, purified by 
Montana ImmunoTech Inc., Bozeman, MT) on days -2 and -1 
before transplantation, (2) animals given daily intraperitoneal injec- 
tions of murine rIL-12 (0.1 or 1.0 pg) on days 1-6 after transplan- 
tation, (3) recipients injected with a combination of 2.43 anti-CD8 
mAb plus rIL-12, and (4) unmodified (no treatment) mice, which 
served as controls. Depletion of CD8+ cells (<2%) was verified by 
flow cytometry using anti-CD8:fluorescein isothiocyanate antibody 
(PharMingen). 

In vivo alloimmune responses. To monitor in vivo Thl develop- 
ment, splenocytes (lxlO 6 cells/ml) obtained from allograft recipients 
were restimulated with irradiated BALB/c stimulator cells (1X10 6 
cells/ml), and the concentration of IFN-y was measured by ELISA. 
As an additional measure of the in vivo activity of IL-12 on IFN-y 
production, sera IFN-y concentrations in WT and IL-12R01~'~ car- 
diac allograft recipients were measured by ELISA. Further, to assess 
the effect of IL-12 treatment on B cell function, sera autoantibody 
(IgM, IgGl, and IgC2a) levels were determined (see below). 

Cytokine ELISA. Experimental samples (100 pi) were added in 
triplicate to plates coated with 5 pg/ml rat anti-mouse IFN-y, IL-4, or 
IL-10 capture antibodies (PharMingen). Standards were employed 
by preparing 2-fold dilutions of murine recombinant IFN-y, IL-4, and 
IL-10 (PharMingen), with a starting concentration of 25, 2.5, and 10 
ng/ml, respectively. After a 1-hr incubation at room temperature, 
plates were washed three times with 0.05% Tween 20 in PBS. One 
hundred microliters of rat anti-mouse secondary biotinylated anti- 
bodies (1 pg/ml) (PharMingen) was then added, and plates were 
incubated at room temperature for 45 min. Plates were then washed 
three times with 0.05% Tween 20 in PBS, and 100 ml of avidin- 
peroxidase (Sigma Chemicals) was added. After a 30-min incubation 
at room temperature, plates were washed three times with 0.05% 
Tween 20 in PBS, and 100 ml of 2,2'-azino-bis(3-ethylbenzthiazoline- 
6-sulfonic acid) substrate (Sigma Chemical) was then added to each 
well. After 20 min, absorbance was determined at 405 nm by an EL 
800 microplate reader (Bio-Tek Instruments, Winooski, VT). Sample 
cytokine concentrations were calculated from a standard curve. The 
sensitivity of this assay is approximately 300 pg/ml for IFN-y, 100 
pg/ml for IL-4, and 150 pg/ml for IL-10. 

Sera alloantibody determination. P815 cells (H2 d ) were stained 
for flow cytometric analysis using dilutions of sera (1:50) obtained 
from cardiac allograft recipients as the primary antibody, followed by 
fluorescein isothiocyanate-conjugated iso type-specific anti-mouse 
IgM, IgGl, and IgG2a secondary antibodies (The Binding Site, San 
Diego, CA). Data are reported as the mean channel fluorescence 
determined on a Becton Dickinson FACScan. 

Statistics. Statistical analyses in this study were done using a 
Student's t test performed by the program StatView 4.1. 



RESULTS 

Requirement for IL-12R&1 in T Cell Responses in Vitro 

Enhancement of mitogen-driuen IFN-y and IL-10 produc- 
tion by IL-12 requires IL-12R&1. IL-12 stimulates concomi- 
tant production of IL-10 and IFN-y by activated T cells (15, 
26, 27). To determine whether 01 subunit of IL-12R is re- 
quired for production of these cytokines, C57BL/6 spleno- 
cytes isolated WT or IL-12R/31-deficient mice were stimu- 
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lated with Con A for 72 hr, and supernatant cytokine 
concentrations were determined by ELISA. Production of the 
Thl cytokine IFN-y by Con A-stimuIated splenocytes isolated 
from IL-12R/31~'~ mice was readily detectable (Fig. 1A), al- 
though concentrations were lower than that seen in WT 
controls (IL-12R^1 _/ " = 1.03 ng/ml vs. WT=5.24 ng/ml). Ad- 
dition of exogenous rIL-12 significantly enhanced IFN-y pro- 
duction by mitogen-stimulated splenocytes obtained from 
WT mice (15.79 ng/ml). In contrast, IFN-y production by 
splenocytes from IL-12R/31" 7 " mice was not altered after the 
addition of rIL-12 (1.54 ng/ml). 
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Figure 1. Mitogen-driven cytokine production by splenocytes iso- 
lated from IL-12R/31-'- mice. Splenocytes (2xl0 6 cells/ml) obtained 
from WT or ILrl2R/31" /_ C57BL/6 mice were stimulated in vitro with 
1 Mg/ml Con A. Cultures were either left untreated or supplemented 
w »th murine rIL-12 (1 ng/ml). Supernatants were collected after 72 
and the concentrations of IFN-y (A) and IL-10 (B) were deter- 
ged by ELISA Results are expressed as the mean cytokine con- 
centration in triplicate samples ± SD. Data are representative of 
three separate experiments. In panel A, *, P<0.05 (WT unmodified 
v s. IL-12R01"'- unmodified); ***, P<0\005 (WT unmodified vs. WT 
Untreated). In panel B, *, P<0.05 (WT unmodified vs. WT ILr 12- 
^ated). 



The requirement for IL-12R01 in IL-12-driven IL-10 pro- 
duction also was assessed. Splenocytes isolated from IL- 
12R/31-deficient mice produced similar levels of IL-10 upon 
Con A stimulation when compared to WT cells (Fig. IB). 
rIL-12 enhanced Con A-stimulated IL-10 production by WT 
splenocytes (2.70 ng/ml vs. 5.65 ng/ml). However, the 01 
subunit of IL-12R was required for this response, as IL-12 did 
not affect IL-10 secretion by mitogen-stimulated IL- 
12R/31 - '" splenocytes. 

In vitro alloreactive T helper cell development. To evaluate 
the requirement for IL-12R/31 in IL-12-driven alloantigen- 
specific T cell development, naive splenocytes obtained from 
WT or IL-12Rpi~'" mice were incubated for 5 days with 
irradiated BALB/c splenocytes in primary MLC, which were 
either left unmodified or supplemented with rIL-12. Result- 
ing cell populations were restimulated with irradiated 
BALB/c splenocytes in the absence of rIL-12, and in vitro 
IFN-y, IL-4, and IL-10 production determined by ELISA 
(Table 1). Primed WT splenocytes secreted high levels of 
IFN-7 upon restimulation with alloantigens. Splenocytes ob- 
tained from IL-12R01" /_ mice secreted IFN-y upon restimu- 
lation with alloantigens, albeit to a lesser degree than WT 
cells (WT=21.32 ng/ml vs. IL-12R/31-'-=5.72 ng/ml). The 
decrease in alloantigen-stimulated IFN-y production in IL- 
12R/31-deficient mice was not associated with a decrease in 
the cells* ability to proliferate in response to alloantigens 
(Fig. 2), in that [methyl- 3 HJ thymidine incorporation by al- 
loantigen-stimulated IL-12R/31 -/ ~ splenocytes was similar to 
that seen by Wt cells (IL-12R01 _/ -= 13,385 cpm vs. 
WT= 11,441 cpm). In both groups, IL-4, IL-10 (Table 1), and 
IL-5 (data not shown) were not detected in cultures that were 
not supplemented with exogenous rIL-12. 

As shown in Table 1, exogenous rIL-12 markedly enhanced 
IFN-y production by WT splenocytes in vitro (21.32 ng/ml vs. 
215.13 ng/ml), but failed to augment IFN-y secretion by cells 
obtained from IL-12R/31"'" mice (5.72 ng/ml vs. 6.80 ng/ml). 
Likewise, rIL-12 significantly enhanced WT splenocyte pro- 
liferation in the MLC (Fig. 2), but did not alter the prolifer- 
ative ability of splenocytes isolated from IL-12R/31-deficient 
mice. Finally, the addition of exogenous rIL-12 to cultures 



Table 1. IL-12 does not enhance alloantigen-specific Thl 
development in IL-12R/31"'" mice in vitro" 



Treatment 


IFN-y 
(ng/ml) 


IL-4 
(ng/ml) 


IL-10 
(ngfaal) 


Unmodified 








WT 


21.32±0.88 


ND 


ND 


IL-12R/31-'- 


5.72±0.24** 


ND 


ND 


IL-12 (1 ng/ml) 








WT 


215.13± 13.52*** 


ND 


1.54 ±0.21 


IL-12R/31- 7 - 


6.80±0,21 


ND 


ND 



0 Splenocytes (lxlO 6 cells/ml) obtained from WT or IL-12Rpi~'- 
C57BL/6 mice were incubated for 5 days with irradiated allogeneic 
splenocytes (IX 10 s cells/ml) in unmodified MLC or MLC supple- 
mented with murine rIL-12 (1 ng/ml). Resulting cell populations 
were harvested and restimulated with alloantigens for cytokine de- 
termination. Supernatants concentrations of IFN-y (72 hr), IL-4 (24 
hr), and IL-10 (24 hr) were measured by ELISA. Results are ex- 
pressed as the cytokine concentration in triplicate samples (mean ± 
SD). Data are representative of four separate experiments. ND in- 
dicates not detectable. **,P<0.01, WT unmodified vs. IL-12R01 - '- 
unmodified; *** P<0.005, WT unmodified vs. WT IL-12-treated. 
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Figure 2. The 01 subunit of IL-12 receptor is required for IL-12- 
induced stimulation of alloantigen-specific splenocyte proliferation. 
C57Biy6 splenocytes (1X10 6 cells/ml) were stimulated with irradi- 
ated allogeneic BALB/c splenocytes (1x10 s ceils/ml) in 96-well mi- 
crotiter plates for 5 days. Cultures were pulsed with 0.5 /tCi/well 
[methyl- 3 Hl thymidine for the final 8 hr of the incubation period, and 
thymidine incorporation was determined by liquid scintillation spec- 
trophotometry. Results are expressed as the mean cpm in quadru- 
plicate samples ± SD. Data are representative of three separate 
experiments. * P<0.05 (WT unmodified vs. WT IL-12- treated). 

stimulated the secretion of IL-10 by alloantigen-stimulated 
WT splenocytes, but not IL-12R/31"'" cells (Table 1). Collec- 
tively, these data indicate that the 01 subunit of IL-12R is 
required for the enhancement of several in vitro alloimmune 
responses by exogenous rIL-12, including increased alloanti- 
gen-stimulated T cell proliferation, and IFN-y and IL-10 
production. 

Effects of Exogenous IL-12 on Alloimmune Responses 
in Vivo 

Enhancement of serum IFN-y by IL-12 treatment To mon- 
itor the in situ effects of EL- 12 treatment on IFN-y production 
in cardiac allograft recipients, serum IFN-y concentrations 
were measured on day 7 after transplantation (Fig. 3). In 
both WT and IL-12R01 W ~ allograft recipients, serum IFN-y 
was undetectable by ELISA on day 7 after transplantation. 
Treatment of WT recipients with rIL-12 markedly increased 
serum IFN-y in three independent experiments; however, 
this treatment regimen had little effect on the concentration 
of serum IFN-y in IL-12R01 -/ ~ allograft recipients. 

Effects of IL-12 on alloantigen-specific Thl development in 
vivo. Splenocytes obtained from cardiac allograft recipients 
were restimulated in vitro with donor alloantigens and su- 
pernatant concentrations of IFN-y were determined by 
ELISA. This assay detects in vivo primed Thl, in that spleno- 
cytes from naive, nontransplanted mice produce minimal or 
undetectable levels of IFN-y under these conditions (25, 16, 
24). Restimuiation of splenocytes from unmodified IL- 
12Rj31~'~ allograft recipients with donor alloantigens re- 
sulted in the secretion of similar amounts of IFN-y compared 
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Figure 3. Treatment of WT, but not IL-12R/31"'- allograft recipi- 
ents with rIL-12 markedly increases serum IFN-y. WT or IL- 
12R/U- 7 - C57BL/6 mice bearing BALB/c cardiac allografts were 
either left untreated or given daily intraperitoneal injections of 1.0 
fig of rIL-12 on days 1-6 after transplantation. On day 7, blood 
obtained from allograft recipients was pooled and serum collected 
after centrifugation. Serum IFN-y was determined by ELISA. Re- 
sults are expressed as the mean cytokine concentration in triplicate 
samples ± SD. Data are representative of three independent exper- 
iments. ND indicates not detectable. P<0.005 (WT IL-12-treated 
vs. IL-12R01"'" IL-12-treated). 



to that seen in WT recipients (IL-12R/31~'~= 7. 16 ng/ml vs. 
WT=6.24 ng/ml) (Fig. 4). Treatment of WT recipients with 
IL-12 resulted in a 10-fold increase in the production of IFN-y 
(59.05 ng/ml). In contrast, IFN-y production by splenocytes 
obtained from IL-12R/31"' - recipients treated with IL-12 in 
vivo was similar to untreated values (9.59 ng/ml), indicating 
that the 01 subunit of IL-12R is required for IL-12-mediated 
enhancement of in vivo sensitization of IFN-y-producing 
cells. Further, these results indicate that in vivo Thl devel- 
opment can occur in a state of IL-12 unresponsiveness. 

Effects of exogenous IL-12 on cardiac allograft rejection. 
As IL-12 treatment markedly enhanced Thl responses in WT 
allograft recipients (Figs. 3 and 4), one might predict that 
IL-12 treatment would exacerbate allograft rejection. To test 
this possibility, cardiac allograft function was monitored by 
daily abdominal palpation in WT or IL-12R/31"'" allograft 
recipients bearing BALB/c hearts. Cardiac allograft recipi- 
ents were either left untreated or injected once daily with 1.0 
ug of rIL-12. Treatment of WT allograft recipients with this 
dose of rIL-12 (n=10) resulted in symptoms of cachexia in- 
cluding weight loss (mean decrease =2.0 ±0.7 g in 1 week), 
ruffed fur, hunched posture, and decreased activity. In con- 
trast, IL-12Rj31~ /_ allograft recipients exhibited no signs of 
IL-12-induced toxicity. 

The mean cardiac allograft survival in unmodified WT 
recipients was approximately 8 days (data not shown; 25, 24). 
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Figure 4. Enhancement of in vivo sensitization of IFN-y-producing 
cells by IL-12 requires IL-12R01. WT or IL-12R/31"'- C57BL/6 car- 
diac allograft recipients were either left untreated or injected daily 
with 1.0 ptgof rIL-12 on days 1-6 after transplantation. To assess in 
vivo Thl development, splenocytes (1X10 6 cells/ml) obtained from 
cardiac allograft recipients were restimulated with irradiated 
BALB/c splenocytes (1x10 s cells/ml). Supernatants were collected 
after 72 hr, and the concentration of IFN-7 was determined by 
EUSA. Results are expressed as the mean concentration of IFN-y in 
triplicate samples ± SD. Data are representative of three separate 
experiments. ***, P<0.005 (WT unmodified vs. WT IL-12- treated). 



Cardiac allografts in IL-12R/31" 7 " recipients were rejected in 
a similar fashion to that seen in IL-12-deficient mice (25), in 
that grafts were uniformly rejected by day 7 (n=8). As ex- 
pected, treatment of ILrl2R01~ /_ allograft recipients with 
rIL-12 had no effect on the tempo of allograft rejection (n=6). 
Interestingly, despite the overwhelming Thl response in- 
duced by rIL-12 in WT allograft recipients (Figs. 3 and 4), 
treatment of these animals with rIL-12 did not appear to 
accelerate the tempo of graft rejection when compared to 
grafts of untreated WT recipients on day 7 after transplan- 
tation. For example, 7 of 10 (70%) allografts of WT recipients 
treated with rIL-12 were still functioning on day 7. A histo- 
logic evaluation of these grafts revealed similar parameters 
of early rejection compared to unmodified WT recipients. 
Specifically, histology was characterized by diffuse mononu- 
clear cell infiltrates, viable myocytes as evidenced by visible 
nuclei, and relatively uninvolved vessels (Fig. 5). Hence, 
r IL-12 treatment did not accelerate the pathologic changes 
associated with acute rejection. 

Phenotype of alloantigen-reactive Thl in WT allograft re- 
Wtents treated with rIL-12. To determine the phenotype of 
Thl responsive to exogenous rIL-12, WT cardiac recipients 
were depleted in vivo of CD8+ T cells (Fig. 6). Splenocytes 
obtained from CD8 depleted cardiac allograft recipients pro- 
duced markedly less IFN-y upon in vitro restimulation with 
Radiated donor splenocytes (WT unmodified =6. 15 ng/ml vs. 




Figure 5. Exogenous IL-12 does not exacerbate cardiac allograft 
rejection. C57BIV6 WT recipients of BALB/c cardiac allografts were 
either left untreated or injected intraperitoneally with murine r IL-12 
(1.0 /ig) on days 1-6 after transplantation. On day 7, allografts were 
harvested for histologic evaluation. (A) H&E-stained section of allo- 
grafts from WT recipients left untreated (original magnification, 
X400). (B) H&E-stained section of allografts from WT recipients 
treated with rIL-12 (original magnification, X400). Note in both 
experimental groups moderate mononuclear cell infiltrates, and rel- 
ative health of myocytes and vessels. These characteristics are asso- 
ciated with the early phase of acute rejection before onset of myocyte 
necrosis and vascular damage, which is observed on days 8 or 9 after 
transplantation. Results are representative of at least 10 individual 
transplants for each experimental group. 



WT ahti-CD8 mAb-treated=0.52 ng/ml). Similarly, Thl that 
develop as a result of IL-12 stimulation in these experiments 
were predominantly CD8+ T cells (Fig. 6), as depletion of 
CD8 cells resulted in a reduction in IFN-y production (WT 
IL-12-treated=35.89 ng/ml vs. WT IL-12 plus anti-CD8 mAb- 
treated=2.75 ng/ml). 

IL-12 Treatment (1.0 \yglDay) Inhibits 
Alloantibody Responses 

Given our findings that treatment of WT cardiac allograft 
recipients with rIL-12 resulted in significant augmentation 
of serum IFN-y (Fig. 3) and in vivo priming of Thl (Fig. 4), 
one would predict that IL-12 treatment should drive IgG2a 
alloantibody production. To test this possibility, sera alloan- 
tibody production was assessed on day 7 after transplanta- 
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FIGURE 6. Alloantigen-specific Thl responding to exogenous rIL-12 
are CD8+ T cells. In these experiments, splenocytes were obtained 
from cardiac allograft recipients either left untreated or treated with 
anti-CD8 mAb, rIL-12, or a combination of anti-CD8 mAb plus rlL- 
12. Thl function was assessed by IFN-y production after a 72-hr 
restimulation of recipient's splenocytes with irradiated BALB/c 
splenocytes. Results are expressed as the mean concentration of 
IFN-7 in triplicate samples ± SD. Data are representative of three 
separate experiments. ***, P<0.005 (WT unmodified vs. WT anti- 
CD8 mAb-treated; WT IL-12-treated vs. WT IL-12 plus anti-CD8 
mAb- treated). 

tion in WT cardiac allograft recipients either left unmodified 
or treated once daily with 1.0 fig of rIL-12. In these experi- 
ments, sera IgG2a was undetectable in rIL-12-treated WT 
allograft recipients at this time point (data hot shown). Fur- 
ther, treatment of WT recipients with rIL-12 resulted in 
reduced sera IgM alloantibody in three independent experi- 
ments, compared to untreated WT recipients (Table 2). This 
observation indicates that high doses of rIL-12 inhibit, rather 
than enhance, alloantibody production in this model. In con- 
trast, treatment of IL-12R01~'~ allograft recipients with 

Table 2. High-dose rIL-12 inhibits IgM production in vivo tt 
Serum IgM (mean channel fluorescence) 





Unmodified 


IL-12 Treatment 


WT 






Experiment 1 


37.18 


9.85 


Experiment 2 


33.97 


11.39 


Experiment 3 


78.51 


27.37 


IL-12R01-'" 






Experiment 1 


17.36 


31.52 


Experiment 2 


33.83 


43.64 


Experiment 3 


21.67 


35.96 



a Serum was obtained on day 7 after transplantation from WT or 
IL-12R01~'~ cardiac allograft recipients. Animals were either left 
untreated or injected with 1 fig of rIL-12 once daily. Anti-BALB/c 
IgM was assessed by flow cytometry using P815 (H2 d ) target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence and represent three separate experi- 
ments for each group. 



r IL-12 resulted in a slight increase in sera IgM compared to 
unmodified knockout recipients. 

Effects of Low-dose IL-12 (0.1 fig /Day) on 
Alloantibody Responses 

The reduction in sera IgM in WT allograft recipients after 
rIL-12 (1.0 fxg/day) treatment (Table 2) may have been 
caused by anti-proliferative or toxic effects on B cell function 
caused by rIL-12 and/or IFN-y. To test this possibility, WT 
cardiac allograft recipients were treated once daily with 0.1 
fig of rIL-12 and sera alloantibody levels were assessed on 
day 7 or 8 after transplantation. No alterations in the pathol- 
ogy of allograft rejection was observed in recipients treated 
with 0.1 fig of rIL-12 compared to 1.0 fig (data not shown). 
Further, treatment of WT allograft recipients with 0.1 fig of 
rIL-12 resulted in significantly less IL-12-induced toxicity, 
serum IFN-7 concentrations in these animals were undetect- 
able by ELISA, and in vivo Thl sensitization was similar to 
untreated allograft recipients (data not shown). These re- 
sults suggested that the 0.1-ug dose of rIL-12 was ineffective 
in vivo. However, unlike the higher dose of rIL-12 (1.0 fig), 
treatment of WT cardiac allograft recipients with 0.1 fig of 
rIL- ^resulted in an increase in sera IgG2a, but not IgGl at 
both days 7 and 8 after transplantation (Table 3). Further, 
IL-12 treatment augmented sera IgM levels at both time 
points. 

DISCUSSION 

Bioactive IL-12 exists as a p70 heterodimer composed of 
p35 and p40 subunits (28, 29). Each subunit of IL-12 inter- 
acts with a distinct component of the IL-12R: p40 binds to 
IL-12R/31 and p35 interacts with IL-12R02 (19, 20). Both 
receptor subunits are associated with members of the Janus 
kinase family (30), and therefore may facilitate IL-12-medi- 
ated signal transduction. However, most of the attention has 
been given to IL-12R/32, which associates with JAK2 (30). For 
example, recent evidence supports a requirement for IL- 
12R02 expression in IL-12-induced phosphorylation of Stat4 
(21, 22). Further, these studies revealed the importance of 
the 02 subunit of IL-12R by demonstrating that the unre- 
sponsiveness of Th2 to IL-12 in both human (21) and mouse 
(22) is a result of loss of IL-12R02 expression by these cells. 
These results indicate that the binding of the p40 subunit of 



Table 3. Low-dose rIL-12 augments IgM and IgG2a production in 

vivo° _ 

Mean channel fluorescence 



Experiment 1 (day 7) 
Unmodified 
IL-12 

Experiment 2 (day 8) 
Unmodified 
IL-12 



IgM 


IgGl 


IgG2a 


11.90 


2.06 


2.58 


28.94 


2.67 


12.79 


31.54 


8.53 


16.31 


46.57 


9.72 


49.00 



0 Serum was obtained on day 7 or 8 after transplantation from 
cardiac allograft recipients either left untreated or injected with 0.1 
fig of rIL-12 once daily. Isotype-specific ariti-BALB/c alloantibody 
was assessed by flow cytometry using P815 (H2 d ) target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence. Mean channel fluorescence for isotype 
controls were 1.65 (IgM), 1.67 (IgGl), and 1.57 (IgG2a). 
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IL-12 to IL-12R/31 is not sufficient to mediate the bioactivity 
of heterodimer IL-12. However, we have reported that p40 
promotes al loan ti gen-specific CD8+ Thl development in the 
absence of heterodimer IL-12 (15). This observation suggests 
that IL-12 p40 mediates its stimulatory effect through IL- 
12R01 alone, or that IL-12R/31 associates with a yet uniden- 
tified component of IL-12R on CD8+ T cells. These possibil- 
ities have not been tested. Additional data are emerging that 
support a biologic role of p40 interacting with IL-12R/31 (1). 
Specifically, p35 knockout mice, which are capable of produc- 
ing p40 in levels similar to WT mice (31), are less susceptible 
to infection with Listeria and Cryptococcus neoformas com- 
pared to p40 knockout mice. Hence, one goal of the current 
study was to assess the role of IL-12R01 in alloimmune 
responses both in vitro and in vivo. 

IL-12 is a potent stimulator of in vitro alloantigen-specific 
Thl development, in that the addition of IL-12 to MLC con- 
sisting of WT responder splenocytes resulted in a 10-fold or 
greater increase in IFN-y production (Table 1; 15). Exoge- 
nous rIL-12 also markedly augments in vitro Thl develop- 
ment in mice that are deficient in p35, p40 (15) or both 
subunits of IL-12 (JR Piccotti and DK Bishop, unpublished 
observations), indicating that T cells of these mice are 
equipped with a functional IL-12R. In contrast, IL-12 did not 
alter MLC IFN-y production by splenocytes of IL-12R01~'~ 
mice (Table 1). This result illustrates the requirement of )31 
subunit of IL-12R for IL-12-driven Thl differentiation in 
vitro. It should be noted that, although IFN-y production by 
lL-12R01~ /_ splenocytes in MLC was reduced compared to 
WT values (Table 1), this cytokine was readily detectable by 
ELISA, suggesting that IL-12 is not an absolute requirement 
for in vitro Thl responses. 

IL-12 is also a key cytokine involved in promoting cell- 
mediated immune responses in vivo (2, 2). However, what 
role IL-12 plays in transplant rejection remains unclear. It 
has been reported that IL-12 has a central role in the pro- 
gression of acute graft-versus-host disease (GVHD) in mice 
(6\ 32). In these studies, neutralizing IL-12 with a polyclonal 
anti-IL-12 antibody results in the amelioration of acute 
GVHD (32) and, conversely, treatment with exogenous IL-12 
converts chronic GVHD into exacerbated acute GVHD (6\ 32). 
Further, Williamson et al. (33) have reported that neutraliz- 
ing IL-12 during the inductive phase of GVHD results in a 
Thl to Th2 shift evidenced by a reduction in IFN-y and 
enhancement of IL-5 and IL-10 production by Con A-stimu- 
lated splenocytes. In contrast to these findings, neutralizing 
IL-12 in mouse vascularized cardiac allograft recipients pro- 
motes intragraft Th2 cytokine (IL-4 and IL-10) gene expres- 
sion; however, these grafts are rejected in an accelerated 
fashion compared to untreated recipients (16). Importantly, 
in vivo Thl priming is not inhibited by IL-12 neutralization, 
indicating that Thl development can occur independent of 
IL-12 (16). This possibility is further supported by the obser- 
vation that splenocytes of IL-12Rj31~ /_ allograft recipients 
produce similar concentrations of IFN-y upon restimulation 
w ith donor splenocytes compared to WT recipients (Fig. 4). It 
does not appear that Thl development in IL-12R01~'~ mice 
l s a result of the interaction of endogenous IL-12 with the 
low-affinity IL-12R/32, as treatment of these animals with 
r IL-12 did not augment in vivo priming of IFN-y-producing 
^Is (Figs. 3 and 4). 



A second hypothesis tested in the current study was treat- 
ment of cardiac allograft recipients with IL-12 would accel- 
erate the rejection process as a result of exacerbated Thl- 
driven immune responses. Administration of exogenous 
rIL*12 significantly augmented in vivo sensitization of IFN- 
-y^producing cells in WT cardiac allograft recipients, as evi- 
denced by increased sera IFN-y (Fig. 3) and enhanced pro- 
duction of IFN-y "by splenocytes after restimulation with 
donor alloantigens in vitro (Fig. 4). However, this fulminate 
Thl response in vivo did not result in anticipated accelera- 
tion of graft rejection when compared to untreated control 
recipients (Fig. 5). It is possible that induction of high sys- 
temic levels of IFN-y results in an inhibition of immune 
response as a result of IFN-ys anti-proliferative properties 
on effector cell development (34). However, graft survival 
was not prolonged after rIL-12 treatment in the current 
study. This observation questions the overall importance of 
Thl responses in this experimental model, and suggests that 
the magnitude of Thl-driven alloimmune response may not 
correlate directly to the severity of graft rejection. Indeed, 
Th2-driven immune responses are emerging as potential ef- 
fector cells of rejection in both human and experimental 
transplantation (reviewed in 35). 

Finally, we examined the influence of rIL-12 administra- 
tion on allospecific B cell function. In an experimental system 
in which PVG.RT1 U congenic rats were immunized with an 
isolated alloantigen, Gracie et al. (36) reported that treat- 
ment with murine rIL-12 (1.0 jxg/day for 5 days) after allo- 
immunization augments levels of allospecific IgG2b and 
IgG2c, while decreasing IgGl. The authors demonstrated 
that co-administration of neutralizing anti-IFN-y mAb abro- 
gated this response^ indicating that the enhancement of B 
cell function by IL-12 was dependent on IFN-y. When ad- 
justed for body weight, this dose of rIL-12 in the rat is 
comparable to our 0.1-/xg dose in the mouse. In the current 
study, treatment of WT cardiac allograft recipients with 0.1 
/xg of rIL-12/day for 6 days increased the level of sera IgG2a 
compared to untreated recipients on day 7 and 8 after trans- 
plantation (Table 3). However, administration of 1.0 /xg of 
rIL-12/day reduced allospecific B cell function, indicated by a 
decrease in sera IgM (Table 2) and absence of isotype switch 
to IgG2a. These observations suggest a biphasic response to 
IL-12 treatment in WT mouse cardiac allograft recipients 
likely dependent on the concentration of IFN-y. 

In summary, this study illustrates that the 01 subunit of 
mouse IL-12R is critical for IL-12-driven alloimmune re- 
sponses both in vitro and in vivo, and that IL-12R/32 alone 
does not transduce IL-12 signaling. These observations are 
supported by recent reports, which have Shown that humans 
deficient in IL-12R01 exhibit severe impairment in their 
resistance to infections as a result of intracellular pathogens 
(37, 38). The generation of mice deficient in IL-12R02 will 
provide an important animal model to evaluate whether )31 
subunit of IL-12R alone conveys IL-12 responsiveness in 
vivo! Specifically, these mice would be useful in determining 
the mechanism by which p40 subunit of IL-12 enhances 
CD8+ Thl development (15 1 16). Finally, this study ques- 
tions the importance of Thl-driven alloimmune responses in 
cardiac allograft rejection, as exacerbated Thl responses in- 
duced by IL-12 failed to accelerate graft rejection in this 
model. 
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ABSTRACT 

The mixed lymphocyte culture (MUZ) is an established clinical 
method for bone marrow transplantation, as it serves as an in vitro 
model for allogenic reaction and transplantation.. We previously showed 
that cytokine release into the supernatant is a more specific and sensi- 
tive parameter for cross-reactivity in the MLC than the common mea- 
surement of cell proliferation. Therefore we tried to find an inhibitor of 
the MLC in vitro with the least side effects in vivo, measuring inter- 
feron (IFN)-y as one of the most important cytokines in posttransplant 
medicine. Earlier studies showed that zinc is an important trace ele- 
ment for immune function with both stimulatory and inhibitory effects 
on immune cells. We found that slightly elevated zinc concentrations 
(three to four times the physiological level), which do not decrease 
T-cell proliferation in vitro nor produce immunosuppressive effects in 
vivo, suppress alloreactivity in the mixed lymphocyte culture. In this 
report we analyzed the mechanism whereby zinc influences the MLC 
to possibly find a nontoxic way of immunosuppression. 

Index Entries: Mixed lymphocyte culture (MLC); mixed lym- 
phocyte reaction (MLR); trace elements; zinc. 

INTRODUCTION 

The mixed lymphocyte culture (MLC) is a well-established and im- 
portant tool for determination of compatibility between host and donor 

•Author to whom all correspondence and reprint requests should be addressed. 



Biological Trace Element Research 1 5 



Vol 79, 2001 



16 



Campo et ai 



in transplantation medicine, as it serves as an in vitro model for allogenic 
reaction (1,2). It is common to measure T-cell proliferation in the MLC, but 
it was recently shown that cytokines are more specific and sensitive pa- 
rameters for the prediction of a possible graft rejection, as they play a criti- 
cal role in the posttransplant response (3-5), The THl-cytokine interferon-? 
(IFN-y) was identified as the most important factor within the cytokine 
cascade in the MLC (6). It is known to induce cytotoxic T-lymphocytes 
(CTL) (7) by enhancing the expression of both major histocompatibility 
complex (MHC) class I and MHC class II molecules (8). The IFN-y re- 
sponse mainly depends on HLA-DR differences and it therefore well rep- 
resents reactivity between two individuals in the MLC (9). 

In transplantation medicine, cyclosporin A, FK506, and other sub- 
stances are used to prevent graft rejection. In vitro experiments revealed 
an inhibition of the MLC (10), but, unfortunately, all of these immuno- 
suppressants show a wide range of toxicities in vivo, such as nephro- 
toxicity, neurotoxicity, and, probably, carcinogenicity (11-13). As we are 
beginning to understand the molecular mechanisms of cyclosporin A and 
FK506 function better and better, one of the major aims is to find similar 
substances with less toxicity. 

Zinc within the physiological range (12-16 |iM) is an important trace 
element for immune function (14). Zinc deficiency in vivo could be linked 
to various clinical symptoms such as impaired immune response with re- 
gard to decrease in number, differentiation, and function of T-lymphocytes 
and natural killer (NK) cells as well as decreased activation of mono- 
cytes and phagocytosis by macrophages, resulting in a high incidence of 
bacterial, viral and fungal infections. These symptoms, in the most severe 
form shown in the hereditary disease acrodermatitis enteropathica caused 
by malabsorption of zinc, are completely reversible after adequate substi- 
tution of zinc (15). On the other hand, high concentrations of zinc (about 
eight times the physiological level) led to cytotoxic effects with impair- 
ment of all T-cell functions, and inhibition of monokine induction by 
superantigens such as zinc is also important for the binding of some bac- 
terial superantigens to the (J-chain of the MHC class II molecule (16,17). 
Optimal immune-cell function hence requires a well-balanced zinc level. 

In the following study, we investigated whether zinc is able to im- 
pair alloreactivity in the MLC at concentrations with neither cytotoxic 
effects in vitro nor toxic side effects in vivo. 

MATERIALS AND METHODS 

Preparation of Lymphocyte Cultures 

Peripheral blood mononuclear cells (PBMC) were isolated from buffy 
coats of healthy donors by density centrifugation over Ficoli-Hypaque 
(Biochrom, Berlin, Germany), washed twice with phosphate-buffered 
saline (PBS, Gibco, Berlin, Germany) and resuspended in RPMI-1640 
medium (Biochrom) supplemented with 10% heat-inactivated fetal calf 
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serum (FCS, low endotoxin, myoclone quality; Life Technologies, Eggen- 
stein, Germany), 2 mM L-glutamine, 100 U/mL penicillin, and 100 Jlg/mL 
streptomycin (all obtained from Biochrom, Berlin, Germany). The cells 
were adjusted to a final concentration of 2 x 10 6 cells /mL Equal volumes 
of cell suspensions of two donors were seeded in samples to a final vol- 
ume of 1 mL into pyrogen-free 24-well culture plates (Falcon, Heidelberg, 
Germany). For controls, 1 mL of the adjusted cell suspension was cultured 
separately. The cultures were incubated for 5 d at 37"C in a 5% humidi- 
fied CO2 atmosphere after addition of the appropriate amount of zinc. 

Zinc Preparations 

Zinc sulfate (Sigma, Deisenhofen, Germany) was dissolved in sterile 
water to achieve a zinc stock solution of 10 mM. This solution was fur- 
ther diluted in unsupplemented protein-free medium (PFM, Ultradoma, 
BioWhittaker) at a ratio of 1 to 2 and then sterile filtered. To achieve the 
final concentrations, PFM was used. The zinc solution was added to 
the cultures in a volume of 10% of the final culture volume. 

Determination of Cytokines 

The culture supernajants were harvested after 5 d and stored at -80 # C. 
The quantification of the cytokine release into the supernatant was per- 
formed by enzyme-linked immunosorbent assay (EUSA) technique (for 
IFN-y provided by Bender Med Systems, Vienna, Austria). Results were 
measured in picograms per milliliter at 450 run using an ELISA plate 
reader (Anthos Labtec, Salzburg, Austria). 

Flow Cytometry 

Propidium iodide (PI) staining was performed by using a stock solu- 
tion of 1 mg/mL (PI, Sigma). Cells (1 x 10VmL) were incubated with 
10 fiL of PI stock solution for 20-30 min to allow intercalation of PI in 
double-stranded DNA. Finally, PI staining was measured at a wavelength 
of 620 nm in a flow cytometer (Coulter, Krefeld, Germany). 

Statistical Analysis 

The results are expressed as median values. The significance is taken 
by Student's West analysis. 

RESULTS 

Influence of Zinc on Mixed Lymphocyte Cultures 

We harvested the supernatants of zinc-supplemented mixed lympho- 
cyte cultures (MLC) on d 5, proven to be the maximum of the IFN-y secre- 
tion (18). Analyzing IFN-y release in 20 MLC experiments supplemented 
with different concentrations of zinc, we found expected amounts of IFN- 
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Fig. 1, IFN-y secretion in the MLC after zinc supplementation. Zinc con- 
centrations up to 1 mM were added to mixed lymphocyte cultures; controls 
remained unsupplemented. Secretion of IFN-y in the culture supernatants was 
determined by EUSA after 5 d of culture. Median values of n = 20 experiments 
are expressed in picograms per milliliter. Significance was calculated by the Stu- 
dent's Mest (*p = 0.0017). 

y (334 pg/mL) in the supernatant of control MLC without zinc addition, 
whereas increasing zinc concentrations led to a dose-dependent reduction 
of the IFN-y level. At 60 \xM, the IFN-y production was significantly dimin- 
ished (48 pg/mL, p = 0.0017); at 500 \\M, no IFN-y was detectable (Fig. 1). 

In order to prove our hypothesis that this result — that zinc concen- 
trations of 60 |iM inhibit the MLC — was the result of a specific effect in 
the MLC and not to a loss of T-cell vitality, we added zinc concentrations 
of up to 5 mM to PBMC and measured cell viability by flow cytometry 
after an incubation time of 48 h. Figure 2 shows that 93.2% of the cells 
are still vital after addition of 50 \xM zinc and 92.3% with medium sup- 
plementation of 100 JiM zinc compared to controls without zinc addition 
with 91.3% viability. Zinc concentrations as high as 250 \xM causes a 
reduction of cell survival of 33% (Fig. 2). 

For further analysis of possible mechanisms responsible for this inhi- 
bition, we preincubated PBMC with 50 \iM zinc for 20 min and then co- 
cultured these two populations in the MLC. The results reveal a marked 
influence of the point of time at which zinc is added to the culture: Prein- 
cubation of PBMC led to a greater reduction of IFN-y than simultaneous 
zinc supplementation to the MLC (Fig. 3). 

DISCUSSION 

The human mixed lymphocyte culture (MLC) is an important method 
to test donor-recipient compatibilty in bone marrow transplantation. It 
could be shown that cytokine release, especially IFN-y, has a very good pre- 
dictive value with regard to the transplantation outcome (3), as cytokines 
play a major role in the generation of an alloreactive immune response and 
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Fig. 2. Viability of PBMC after zinc supplementation. Zinc concentrations 
of up to 750 \xM were added to unstimulated PBMC; controls remained unsup- 
plemented. Cell viability was determined by flow cytometry after an incubation 
time of 48 h. One representative experiment is shown, values are expressed in 
percent of the total cell population. 



Fig. 3. Effect of preincubation of PBMC with zinc. Zinc in a concentration 
of 50 \iM was added to the MLC simultaneously (MLC + Zn); PBMC was prein- 
cubated with 50 \\M zinc for 20 min and then cocultured in a MLC (PBMC + Zn); 
controls remained unsupplemented. Medians of n = 10 experiments are pre- 
sented. Significance was calculated by the Student's f-test (*p = 0.01). 

for the induction of graft rejection in vivo (4,5). Taking this in vitro model, 
it has always been the aim to inhibit proliferation of immune cells in order 
to find a way to prevent graft rejection in transplantation medicine. Lan- 
dolfo et al. inhibited T-cell reactivity by the addition of anti-IFN-y both in 
vitro and in vivo (19); others showed a reduced graft rejection rate by 
repeated injections of monoclonal anti-IFN-y antibodies in a skin-, heart-, or 
pancreas-tissue transplantation situation (20-22). 
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In vivo substances like cyclosporin A or FK506 are broadly applied, 
as they are capable of prolonging graft survival. In vitro, they show an 
inhibitory effect on T-cell proliferation in the MLC (10). Yet, all of these 
therapeutical agents cause major side effects (e.g., nephrotoxicity, neuro- 
toxicity, and others), which lead to a limitation of their use (11-13). 

Zinc is an essential trace element with great influence on immune 
function. The physiological plasma level of zinc ranges from 12 tol6 \iM. 
In our study, we applied zinc concentrations up to 100 \xM, which can be 
reached by pharmacological application of zinc in vivo without causing 
side effects (23). 

We found that zinc concentrations of 60 fiM, four times the physio- 
logical level, inhibit alloreactivity in the MLC. It is unlikely that the reduc- 
tion of IFN-y is the result of a loss of T-cell activity, as it could be shown 
earlier that T-cells are still able to proliferate in medium supplemented 
with zinc concentrations as high as 100 \iM (24). Furthermore, we ana- 
lyzed the viability of the PBMC by flow cytometry, showing that a con- 
centration of 250 nM is required to reduce cell viability by 33% (Fig. 2). 

Increased zinc levels of over 100 \xM cause unstimulated human 
PBMC to release cytokines (25). This stimulatory effect of zinc is only seen 
in the presence of accessory cells, especially monocytes, as mostly IL-1 
proved to be an essential cosignal for T-cell activation by zinc. Higher con- 
centrations of zinc impair all T-cell and monocyte function by inhibition of 
the IL-1 receptor type I-associated protein kinase (IRAK), thus blocking the 
intracellular signal transduction pathway at a very early stage (24). 

In our study, we applied zinc in concentrations that neither show 
cytotoxic effects nor reach stimulatory level. Therefore, there seems to be 
a specific effect of zinc on the responding T-cells in the MLC. 

The results of earlier studies proposed an oligoclonal pattern of T-cell 
stimulation in the MLC similar to T-cell activation by superantigens (3). 
Furthermore, a highly altered VP repertoire of T-cells infiltrating long-term 
rejected kidney allografts were discribed (26). Superantigens bind directly 
and partially with high affinity to major histocompatibility complex (MHQ- 
class II proteins, especially to HLA-DR. T-Cell activation is achieved by 
the formation of a complex of the V^-chain of the T-cell receptor (TCR), 
the MHC molecule, and the superantigen. This binding is regulated by 
zinc, as zinc itself does not interact with the MHC molecule direcdy (27). 
We previously showed that the HLA-DR and HLA-DQ-molecules have 
the greatest influence on cytokine release in the MLC and thus on the out- 
come of a transplantation in vivo (9). 

There are two main possible explanations for the phenomenon de- 
scribed. First, zinc in the applied concentration could saturate the MHC 
and, therefore, prevent a binding between TCR and MHC. In order to 
prove this hypothesis, we preincubated PBMC with zinc and then cocul- 
tured these populations. If an extracellular mechanism were actually 
responsible for the inhibition of the MLC, we would expect no significant 
difference in IFN-y secretion in either setting. Preincubation of PBMC 
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resulted in a markedly lower IFN-y secretion than the culture of two PBMC 
populations with simultaneous zinc supplementation to the MLC (Fig. 3), 
so that it seems more likely that zinc interferes with the intracellular sig- 
nal transduction in the MLC. Therefore, zinc may regulate the alloreactiv- 
ity of T-cells and might be an explanation for increased preterm delivery 
and abortion in zinc-deficient pregnant women (28,29). As mentioned ear- 
lier, higher concentrations of zinc are able to block the intracellular signal 
transduction pathway by inhibition of IRAK. We propose that the stimu- 
lation of T-cells by an HLA-different cell population can be blocked by zinc 
via specific inhibition of phosphorylation processes, leading to a dimin- 
ished signal transduction in the ceil. This results, among other things, in 
reduced secretion of cytokines, which should lead to less graft rejection in 
vivo. Various protein kinases such as cAMP- and cGMP-dependent protein 
kinases as well as protein tyrosine kinases are involved in zinc-induced 
cell stimulation and zinc also influences gene expression of different im- 
munologically relevant transcription factors such as nuclear factor (NF)-icB 
and metallothionein transcription factor (MTF-1) as well as others. Which 
alteration of signal transduction zinc exactly inhibits the MLC remains the 
subject of further investigation. Because the MLC is inhibited by very low 
zinc concentrations, this inhibitory effect seems to be a specific pathway. 

In conclusion, zinc could become an immunosuppressant in trans- 
plantation medicine without toxic side effects, which still leaves the 
immune system with the ability for phagocytosis. The infection rate will 
therefore be reduced compared to current immunosuppression. How- 
ever, this has yet to be proven in in vivo transplantation models. 
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different PTKs. Phosphorylation is a common mech- 
anism of regulating protein function; indeed, many of 
the PTKs must themselves be phosphorylated before 
they can become active. Several important types of 
lymphocyte surface receptors (including membrane 
immunoglobulin and T cell receptor proteins) are 
physically linked to specific cytoplasmic PTK pro- 
teins, which become active when the receptor binds 
its target ligand. These receptor- associated PTKs, in 
turn, may then activate other types of PTKs through 
phosphorylation, so that almost immediately a host of 
different PTKs are recruited into the response. By 
phosphorylating still other types of substrates, such 
as proteins that control cytoskeletal organization, ex- 
pression of specific genes, and entry into the cell 
cycle, these newly activated PTKs appear to be either 
directly or indirectly responsible for triggering all 
subsequent events in lymphocyte activation. At pres- 
ent, however, the functions of most individual PTKs 
are uncertain. 

One almost immediate effect of the PTK cascade is 
to activate the enzymatic breakdown of a specific 
class of phospholipids (called phosphatidylinosi- 
tides) within the cell. The products of this hydrolysis 
include 2 small organic molecules, diacylglycerol 
(DAG) and inositol 1,4,5-trisphosphate (IP 3 ), 
which are released into the cytoplasm and serve as 
second messengers to trigger additional changes in 
cellular physiology. Among the most notable 
changes is a rapid, marked increase in the concentra- 
tion of intracellular free calcium ions, which flood 
into the cytosol from organellar storage pools and 
from the extracellular medium, reaching maximal 
concentrations within 1 minute after contact with the 
activating stimulus. Like PTK activation, these rapid 
calcium fluxes are thought to be critical for initiating 
the subsequent events in activation. 

Within the first hour after stimulation, the rates of 
oxidative metabolism and of overall protein and 
RNA synthesis in the lymphocyte rise. The chromatin 
begins to decondense as previously silent genes are 
transcribed and the cell prepares to undergo mitosis. , 
After 2-4 hours, specific proteins that are thought to 
regulate cell proliferation, such as the product of the 
proto-oncogene c-myc, become detectable in the nu- 
cleus. In parallel with these biochemical events, the 
morphology of the cell changes in a process known as 
blast transformation: its overall diameter increases 
to 15-30 fim as both its nucleus and cytoplasmic en- 
large; the nuclear chromatin becomes loose and pale- 
staining; and the cell acquires a prominent nucleolus 
(reflecting a high rate of RNA synthesis). Within 8- 
12 hours, the changes are sufficiently marked that the 
cell can be recognized under the light microscope as 
a lymphoblast — a lymphocyte poised to begin mito- 
sis. DNA synthesis takes place at around 18-24 hours 
after stimulation. The first cell division occurs 2-4 
hours later and, depending on the conditions, can be 
repeated 5 or more times in succession, at intervals as 



brief as 6 hours. The effector cells produced as a re- 
sult of each division mature completely within a few 
days and express the immune functions typical of 
their lineage for several days thereafter. 



REQUIREMENTS FOR ACTIVATION 
OF B OR T LYMPHOCYTES 

What are the stimuli that can lead to lymphocyte 
activation in vivo? Certainly, the most important are 
the innumerable foreign antigens that are recognized 
and bound by membrane immunoglobulins or T cell 
receptor proteins. A few types of antigens are in 
themselves sufficient to activate B cells — these are 
usually highly polymeric proteins or polysaccharides 
that are able to interact simultaneously with many 
immunoglobulin proteins on the surface of a single 
cell. Such multivalent antigens act to cross-link the 
immunoglobulins to one another, so that eventually a 
great many immunoglobulins are gathered at one 
pole of the cell surface at the point of contact with 
antigen — a phenomenon known as capping (Fig 
2-9 A). This dense local aggregation of immunoglob- 
ulins, each of which is bound to antigen, transmits a 
very effective signal and is enough to trigger B cell 
activation. 

Activation can also be induced under artificial con- 
ditions by cross-linking other types of surface mole- 
cules (Table 2-4). Among the agents used for this 
purpose are certain lectins (sometimes called mito- 
gens), which can activate T and/or B cells by cross- 
linking surface glycoproteins. Similar results can be 
obtained by using multivalent antibody complexes to 
cross-link some T cell surface proteins (such as CD3) 
that are able to transmit signals to the cytoplasm. Al- 
ternatively, lymphocytes can be activated pharmaco- 
logically by being treated with agents that directly in- 



Table 2-4. Mitogens and other conditions used to activate 
lymphocytes in vitro. 



Mitogen or Condition 


Specificity 


Lectins 




Concanavalin A 


T ceils 


Helix pomatia lectin 


T cells 


Phytohemagglutinin 


T cells; few B cells 


Pokeweed mitogen 


T and B cells 


Wheat germ agglutinin 


T cells 


Artificial cross-linking of specific 
surface proteins 




Immunoglobulins 


B cells 


T cell surface markers (eg, CD3) 


T cells'. *<. 


Pharmacologic agents 




Phorbol myristyl acetate plus calcium 
ionophore {eg, ionomycin) 


T and B cells 
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Fiqure 2-9 General requirements for lymphocyte activation. A: Some highly polymeric antigens that cross-link multiple 
antiqen receptors are sufficient to activate B cells. B: Activation by a monomeric antigen requires additional stimu t 
supplied by another cell type. Costimulators from the antigen-presenting eel! (APC) are necessary to activate a Th cell, 
which in turn provides helper factors for B cells and/or interleukin-2 (IL-2) for Tc cells. 



duce calcium fluxes and other important signaling 
events, thereby bypassing the surface receptors en- 
tirely. Such potent artificial activators are often used 
in clinical testing to study lymphocyte responses in 
vitro. 

The majority of antigens encountered in nature, 
however, are not polymeric and so do not cross-link 
receptors. Even when many copies of such an antigen 
bind individual immunoglobulins on a B cell, they 
generate only an incomplete signal, which fails to ac- 
tivate the cell. B cells can be activated by these more 
common antigens only if they are simultaneously 
stimulated by a nearby activated helper T lympho- 
cyte. This stimulation may be delivered by 
lymphokines secreted from the T cell, but is transmit- 
ted most efficiently through direct contact of the B 
cell with T cell surface proteins. In either case, the 
helper-cell-derived proteins (which will be referred 
to in this book as helper factors) interact with non- 
immunoglobulin receptors on the B cell to generate a 
second signal. The combined effects of the helper 
factors and the bound antigen then act synergistically 
to cause B cell activation. 

In a similar manner, T lymphocyte responses to 
most antigens also require 2 types of stimuli simulta- 
neously. The first is provided by the antigen, which, 
if appropriately displayed by MHC proteins on an an- 
tigen-presenting cell, can be recognized and bound 
by T cell receptors. When it binds an antigen-MHC 
complex, the T cell receptor sends a signal to the cell 
interior, but this signal alone is usually not enough to 



cause activation. For helper T cells, full activation 
also requires contact with other specific ligands, 
known as costimulators, that are expressed on the 
surface of the antigen-presenting cell. Activation of a 
cytotoxic T cell, on the other hand, generally requires 
IL-2, a cytokine secreted by activated helper T cells. 

In summary, it is important to recognize that acti- 
vation of a lymphocyte is controlled not only by anti- 
gen binding but also by interactions with other cells 
(Fig 2-9B): all T cells must cooperate with antigen- 
presenting cells, whereas B cells and cytotoxic T 
cells depend on helper T lymphocytes. These interac- 
tions either require direct surface-to-surface contact 
or are mediated by highly, labile cytokines that act 
only over extremely short distances. Owing to this in- 
terdependence among cell types, lymphocyte activa- 
tion occurs most commonly and efficiently in the sec- 
ondary lymphoid organs, where lymphocytes, 
antigens, and antigen-presenting ceils encounter one 
another at close quarters. 



LYMPHOID ORGANS 

Lymphocytes are normally present in the blood at 
a concentration of approximately 2500 cells/mm 3 and 
so account for roughly one-third of all peripheral 
white blood cells. Each individual lymphocyte, how- 
ever, spends most of its life within solid tissues, en- 
tering the circulation only periodically to migrate 
from one resting place to another. Indeed, at any 
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Figure 13-8. Time-response curve for antigen stimula- 
tion of 10 6 lymphocytes. Responses of peripheral blood 
lymphocytes from 15 normal adults with delayed hyper- 
sensitivity to the antigen. Cells were cultured as de- 
scribed in the legend to Fig 13-7. Antigen concentration 
for all cultures was 1 5 ug/mL. Maximal response occurred 
on days 5-7 of culture. Results are plotted as the mean ± 
1 SO. for 15 individual determinations. 



until the culture has been allowed to continue for 5-7 
days. Fig 13-8 clearly illustrates both the usefulness 
of and the necessity for performing careful time- and 
dose-response kinetics in assessing human lympho- 
cyte function. 



MIXED LYMPHOCYTE CULTURE 
& CELL-MEDIATED LYMPHOLYSIS 

Mixed lymphocyte culture (MLC) is a special case 
of antigen stimulation in which T lymphocytes re- 
spond to foreign histocompatibility antigen on unre- 
lated lymphocytes or monocytes. This test is per- 
formed as either a "one-way" or "2-way" assay (Fig 
13-9). In the one-way MLC, the stimulating cells are 
treated with either irradiation (~ 2000 R) or mitomy- 
cin to prevent DNA synthesis without killing the cell. 
The magnitude of the response is then entirely the re- 
sult of DNA synthesis in the rionirradiated or non-mi- 
tomycin-treated cells. In the 2-way MLC, cells from 
both individuals are mutually stimulating and re- 
sponding, DNA synthesis represents the net response 
of both sets of cells, and the individual contributions 
cannot be discerned. The culture conditions, time of 
exposure, 3 H-Tdr pulse labeling, and harvesting pro- 
cedures are usually identical to those for antigen stimu- 
lation. Controls include coculture of syngeneic irradi- 
ated and nonirradiated pairs and coculture of 
allogeneic irradiated pairs. The first control provides 
baseline DNA synthesis, and the second ensures ade- 




Culture medium 
containing 51 Cr 



0*'A'* responding cells • "B m " stimulating cells © "8" t* r 9et cells 
(effector) (sensitizing) < 'Cr-labeled) 

Figure 13-9. MLC and CML assay* schematically repre- 
sented. Cells (black and white balls) from separate indi- 
viduals are cultured. In MLC. DNA synthesis in 
responding (noninactivated) cell is measured. In CML 
assay, the ability of "A" cells to kill 5, Cr-labeled "B M cells is 
measured. See the text for further explanation. ( 3 H]-TdR, 
tritiated thymidine. (Reproduced, with permission, from 
Bach FH. Van Rood JJ: The major histocompatibility com- 
plex: Genetics and biology. N Engl J Med 1976:295:806. 
872). 



quate inactivalion by irradiation (or mitomycin) of 
the stimulator cells. 

In the use of MLC as a test for T cell function, dif- 
ficulties in quantitation often arise owing to variations 
in stimulator cell antigens that determine the degree 
of genetic disparity between stimulator and responder 
cells. To overcome this difficulty and produce a more 
standardized test, frozen aliquots of viable pooled 
human allogeneic cells have been employed as stim- 
ulator cells. 

The stimulating antigens on human cells are class I 
MHC molecules encoded by the HLA-D locus (see 
Chapter 5). Responding cells are primarily T lympho- 
cytes with obligate macrophage cooperation. B cells 
can also respond in MLC, since a marked increase in 
immunoglobulin synthesis can be detected. MLC 
may be used as a histocompatibility assay (see Chap- 
ter 16) and as a test for immunocompetencc of T 
cells, particularly in immunodeficiency disorders 
(see Chapters 20 and 21). 

Cell-mediated lympholysis (CML) is an extension 
of the MLC technique in which cytotoxic effector 
cells generated during MLC are detected (Fig 13-9). 
This test involves an initial one-way MLC culture 
followed by exposure of stimulated cells to 5, Cr- 
labeled target cells specifically lysed by sensitized 
killer lymphocytes. These target cells are HLA-iden- 
tical to the stimulator cells in MLC. Cytotoxicity is 
measured as the percentage of 5, Cr released in spe- 
cific target cells compared with the percentage of 
5, Cr released from control (nonspecific) target cells. 
Several lines of evidence indicate that cells which 
proliferate in MLC and killer cells .which participate 
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in CML assay are not identical. Killer cells are gener- 
ated that have specificity for class I MHC antigens on 
target cells, whereas in class II MHC antigen differ- 
ences determine the reaction. CML assays provide an 
additional measure of T cell function and can be used 
to estimate presensitization and histocompatibility in 
clinical transplantation (see also Chapter 16). 



CLINICAL APPLICATION 
OF T & B CELL ASSAYS 

Counting of T and B cells in peripheral blood and 
tissue specimens has limited application in both the 
diagnosis and investigation of pathophysiologic 
mechanisms of many disease states. Functional as- 
says are even more limited in value primarily to stud- 
ies of immune deficiency diseases. Current applica- 
tions include the following. 

(1) Diagnosis and classification of immunodefi- 
ciency diseases (see Chapters 18-22 and 52). 

(2) Determination of origin of malignant lympho- 
cytes in lymphocytic leukemia and lymphoma (see 
Chapter 45). 

(3) Evaluation of immunocompetence and mecha- 
nisms of tissue damage in autoimmune disease, eg, 
systemic lupus erythematosus and rheumatoid arthri- 
tis (see Chapter 31). 

(4) Detection of changes in cellular immune com- 
petence in HIV and other infections that may be of 
prognostic value (see Chapter 52). 

(5) Monitoring of cellular changes following organ 
transplantation (see Chapter 57). 



NATURAL KILLER (NK) CELLS 

Natural killer (NK) cells can be enumerated by spe- 
cific monoclonal antibodies using methods identical 
to those for T and B cells (see Chapter 17). Several 
monoclonal antibodies are available that detect either 
Fc receptors (CD 16) or specific differentiation anti- 
gens (CD56 t CD57) present on these cells. Some NK 
cells also express antigens from the CD2 T cell fam- 
ily. Functional testing is done by measuring the abil- 
ity of these nonimmune cells to kill special target cells 
such as erythroleukemia cell line K562. Cytotoxicity 
is usually performed by using the 5l Cr release assay, 
similarly to cell-mediated lympholysis (Fig 13-9). 



MONOCYTE-MACROPHAGE ASSAYS 



The morphologic identification of normal periph- 
eral blood monocytes in stained peripheral blood 



films ordinarily is quite simple. Monocytes are larger 
than granulocytes and most lymphocytes. They typi- 
cally have round or kidney-shaped nuclei with fine, 
lightly stained granules. However, in suspension or 
even in tissue or blood specimens, additional markers 
may be required to differentiate monocytes from lym- 
phocytes and primitive myeloid cells. 

A reliable stain for monocytes is so-called nonspe- 
cific esterase, or a-naphthol esterase, which is pres- 
ent in monocytes but absent in most myeloid and 
lymphocytic cells. Monoclonal antibodies directed at 
specific differentiation antigens such as CD 14 are 
available. 

Functional attributes of monocytes are discussed in 
detail in Chapter 1. In the clinical laboratory, phago- 
cytosis of particles or antibody-coated heat-killed mi- 
croorganisms is useful for functional identification of 
monocytes. 



NEUTROPHIL FUNCTION 



Polymorphonuclear neutrophils (PMN) are bone 
marrow-derived leukocytes with a finite life span, 
which play a central role in defense of the host 
against infection. For many types of infections, the 
neutrophil plays the primary role as an effector or 
killer cell. However, in the bloodstream andextravas- 
cular spaces, neutrophils exert their antimicrobial ef- 
fects through a complex interaction with antibody, 
complement, and chemotactic factors. Thus, in as- 
sessing neutrophil function, one cannot view the cell 
as an independent entity; its essential dependence on 
other immune processes, both cellular and humoral, 
must be taken into account. 

Defects in neutrophil function can be classified as 
quantitative or qualitative. In quantitative disorders, 
the total number of normally functioning neutrophils 
is reduced below a critical level, allowing infection to 
ensue. Drug-induced and idiopathic neutropenia (see 
Chapter 33), with absolute circulating granulocyte 
counts of less than 1000/|iL, are examples of this sort 
of defect. In these situations, granulocytes are func- 
tionally normal but are present in insufficient num- 
bers to maintain an adequate defense against infec- 
tion. In qualitative neutrophilic disorders, the total 
number of circulating PMN is either normal or some- 
times actually elevated, but the cells fail to exert their 
normal microbicidal functions. Chronic granuloma- 
tous disease is an example of this type of disorder 
(see Chapter 22). In patients with chronic granuloma- 
tous disease the normal or increased numbers of cir- 
culating neutrophils are unable to kill certain types of 
intracellular organisms. 

Phagocytosis by PMN can be divided into 5 dis- 
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CELLULAR ASSAYS 

FOR HISTOCOMPATIBILITY 

In vivo, recognition of nonself antigens and de- 
struction of cells bearing such markers is accom- 
plished by cells of the immune system. Some of the 
clinically relevant class II HLA antigens that can trig- 
ger the immune response are not readily detected by 
the serologic methods discussed above. Instead, lym- 
phocytes are used as discriminatory reagents for the 
HLA-Dw and -DP aptigens and as indicators of 
histoincompatibility between donor and recipient. 
The functions of cellular recognition are utilized in 
the MLC, HTC, and primed lymphocyte typing 
(PLT) tests, and the dual functions of recognition and 
effector cell killing are used in the CML test. 

MLC Test (See Chapter 13) 

This is also known as the mixed- lymphocyte reac- 
tion (MLR). When the lymphocytes of 2 HLA -dispa- 
rate individuals are combined in tissue culture, the 
cells enlarge, synthesize DNA, and proliferate, 
whereas HLA-identical cells remain quiescent. The 
proliferation is driven primarily by differences in the 
class II HLA antigens between the 2 test cells. 

On the basis of MLC testing, class II antigens were 
originally described as a series of lymphocyte- acti- 
vating determinants, products of the HLA-"D" locus 
( : Dwi, -Dw2, etc). No D locus products have ever 
been isolated, however, although several distinct *'D 
region" loci (-DR, -DQ, and -DP) and their alleles 
have been identified. Dw "antigens" are now consid- 
ered to be immunogenic epitopes formed by combi- 
nations of D region determinants that can be recog- 
nized by T cells. Distinct Dw types may represent 
unique haplotype combinations of various D region 
products. 

Reactivity in MLC probably reflects the initial im- 
mune recognition step of graft rejection in vivo. The 
more immunogenic the D locus difference, the 
greater the cellular response in MLC and the more 
likely the rejection of the graft. Normally, both cells 
will proliferate, forming the 2-way MLC. To monitor 
the response of a single responder cell (the one-way 
MLC), the partner cell (stimulator) is inactivated by 
radiation or drugs (such as mitomycin C) that inhibit 
DNA synthesis (Fig 16-4). A maximum proliferative 
response usually occurs after incubation at 37 °C for 
5-6 days. The culture is then pulsed with [ 3 H]thymid- 
ine for 5-12 hours to label the newly synthesized 
DNA. Finally, the cells are harvested, washed free of 
unbound radioactivity, and counted in a beta counter. 

A properly composed MLC test includes a check- 
erboard of one-way combinations of each cell serving 
as both stimulator and responder with all other cells. 
Each cell must be controlled for its ability to both 
stimulate and respond to HLA -mis matched cells. 
Normally, 2-4 unrelated control cells of known class 
II HLA type are tested individually with each family 



MLC Test 



' ' 1 l'H|.TdR 



4-6 houri 




* Cell incorporating 
I'HlTdR 



'CT'o " !§£v ' Culture medium 

'{ftp- containing sl Cr 

O "A" responding cells • "B m " stimulating cells © "B" target cells 
(effector I (sensitizing) ( s, Cr-labeled| 

Figure 16-4. The MLC and CML tests. In the one-way 
MLC. responder PBLs are mixed 1:1 with irradiated stim- 
ulator cells and incubated at 37 °C in a humidified atmo- 
sphere with 5% C0 2 . After 5 days, the culture is pulsed 
with [ 3 H]thymidine ([ 3 H]TdR) to label the nucleic acid in 
the responder cells. After 18 hours, cells are harvested 
and counted for internalized radioactivity. If the class (I 
HLA antigens of the stimulator cells differ from those of 
the responder cells, the responder cells undergo histo- 
genesis, synthesize DNA. and proliferate. Increased sam- 
ple radioactivity signals recognition of class II HLA 
differences. When responder and stimulator cells are 
class II identical, the proliferative responses are less than 
20% of the maximum response to the mismatched con- 
trols and less than 2% over autologous (background) 
controls. (Reproduced, with permission, from Bach FH, 
Van Rood JJ: The major histocompatibility complex: Ge- 
netics and biology. N EnglJ Med 1976:295:806. 872.) 



member. The maximum response of each cell is ob- 
tained by exposure to a pool of irradiated stimulator 
cells of diverse HLA types. 

Autologous controls combining self with irradi- 
ated self are also run to normalize the response of 
each cell to stimulators. Each test should be run in 
triplicate. It is absolutely necessary to perform the en- 
•tire familial MLC at one time owing to the inherent 
variability of individual cellular responses from day 
to day. 

Results are expressed as a stimulation index (SI) or 
relative response (RR). The SI is the ratio of counts 
per minute of the test over the autologous test for that 
cell: 



SI _ c of Responder vs Stimulator (irradiated) 
Responder vs Responder (irradiated) 

A value of SI < 2 is interpreted as HLA identity at 
HLA-D. The RR calculates the response in the exper- 
imental MLC relative to the maximum response of 
that cell elicited by the pool. Counts per minute of 
both are corrected by subtraction of the autologous 
control for the responder cell. 
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rMLC testing can be useful in selecting the most 
ompatible (least stimulatory) organ donor if several 
[onidentical family members (matched for zero or 
jhe haplotype) are available. The donor who is the 
east stimulatory to the patient is the preferred organ 
onor. The results of an intrafamilial MLC can ad- 
Jpress such questions as ( 1 ) Are 2 serologically identi- 
^cal DR antigens also functionally identical? (2) Is the 
^individual with only one identifiable DR antigen a 
Ahomozygote, or is the DR "blank" really a second DR 
antigen that was missed in the serologic testing? (3) 
5 : Are the serologically assigned class II antigens con- 
-y. sjstent with the MLC results? If apparently HLA- 
identical individuals are reactive, there may have 
been a genetic recombination event. 

The MLC test is frequently used to confirm appar- 
ent HLA identity in the living-related transplant situ- 
ation and is especially useful if haplotyping could not 
be accomplished. When the HLA-identical recipient 
and donor are unrelated, as in voluntary bone marrow 
donation, MLC testing is extremely important in re- 
vealing hidden class II incompatibilities that could 
affect recipient tolerance to the graft and promote 
graft- versus- host disease. 



HTC Test 

MLC nonreactivity indicates HLA-Dw identity, 
and therefore the MLC test can be used to type for 
specific Dw alleles. Since most individuals to be 
tested are heterozygous at the D region, it follows 
that the stimulator cell must be homozygous for a 
given Dw antigen to result in MLC nonresponsive- 
ness. Such HTCs have been identified in the random 
population, but the best source for HTCs is among the 
progeny of First-cousin marriages. True HTCs are 
rare and precious reagents, and few laboratories can ■ 
afford to maintain the large cell panel necessary for 
complete and accurate testing. 

The lymphocytes to be Dw typed are set up as re- 
sponded in multiple MLC tests, each test with a dif- 
ferent inactivated stimulator HTC. HTC testing can 
discriminate among the various subtypes of serologi- 
cally identified DR antigens and thus can provide a 
finer definition of true class II HLA compatibility. 

PLT Test 

Lymphocytes already exposed (primed) to a spe- 
cific antigen in a primary MLC will proliferate rap- 
idly on reexposure to the same antigen. Thus, a 
primed cell can be used to test an unknown cell for 
the presence of the original stimulating antigen. With 
cells primed to class II HLA antigens, this assay can 
be used as an HLA typing test for D region antigens. 



As in HTC typing, an extensive panel of specifically 
primed cells must be maintained for PLT testing. 
PLT was used to type for DP antigens, but this 
method has been supplanted by molecular typing 
methods and is now only rarely used. 

CML Test 

In primary MLC, exposure to nonself class I and 
class MHC II antigens can result in the generation of 
cytotoxic T lymphocytes (CTL). CTL kill their tar- 
gets through direct contact, probably by the release of 
toxic mediators that lead to cell lysis. CD4 and CD8 
CTL can be found infiltrating kidney allografts dur- 
ing rejection and are considered to be important ef- 
fector cells in graft loss (see Chapter 57). To test for 
the capacity to generate CTL, a primary MLC is run 
with the patient as the responder and prospective 
donor cells as inactivated stimulators. After, the 
MLC, the patient's cells are harvested and then 
reexposed in culture to fresh donor target cells that 
have been loaded with 5I Cr (Fig 16-4). Usually, the 
targets are preincubated with the mitogen phytohe- 
magglutinin (PHA) for 6 days, since PHA-activated 
blast cells can incorporate more 51 Cr than resting 
lymphocytes can. CTL and targets are plated in effec- 
tortarget-cell ratios of 100: 1, 50: 1, and 10: 1. Control 
wells include targets alone to measure the spontane- 
ous release of label and test wells containing target 
cells that are treated with detergent to release the 
maximum incorporated label. The test requires 4 
hours of incubation in a humidified C0 2 atmosphere 
at 37 °C. At the conclusion, the supernatant of each 
test well is sampled and counted. In the experimental 
wells, the amount of 5, Cr released is corrected for the 
background level of spontaneously released label and 
compared with the maximum amount of label re- 
leased: 



cpm (Experimental) - 
% Specific _ cpm (Spontaneous) x 100 
Release ~ cpm (Maximum) - 
cpm (Spontaneous) 



Elevated counts of 30-50% above spontaneous back- 
ground are indicative of CTL activity. 

Direct CML testing can be used to monitor post- 
transplant rejection by testing for the presence of ac- 
tivated circulating anti-donor CTL. The patient's 
PBL are placed directly in culture with 5, Cr-Iabeled 
donor cells as targets. An elevated donor cell lysis 
compared with pretransplant levels is considered evi- 
dence of circulating CTL, which are particularly . 
prevalent during rejection. 

CML testing has applications in living-related 
renal and bone marrow transplantation. The preferred 
kidney donor will be the one who fails to stimulate 
the recipient to form CTL. In bone marrow transplan- 
tation, the recipient is at risk for immune attack by the 
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Table 20-1. Evaluation of cell-mediated immunity. 



Test 


Comment 


Total lymphocyte count 


Normal at any age: 
>12004iL. 


Delayed hypersensitivity skin 
test 


Used to evaluate specific im- 
munity to antigens. Sug- 
gested antigens are 
Candida, mumps, purified 
protein derivative, and strep- 
tokinase-streptodomase 
(4 units/0.1 mL). 


Lymphocyte response to mi- 
togens (PHA), antigens, 
and allogeneic cells 
(mixed-lymphocyte culture) 


Used to evaluate T cell func- 
tion. Results are expressed 
as stimulated counts divided 
by resting counts (stimulated 
index). 


Total T cells using monoclo- 
nal antibodies to CD3. 
CD2, orCD4 plus CD8 


Used to quantitate the num- 
ber of circulating T cells. Nor- 
mal: >60% of total 
lymphocytes. 


Monoclonal antibody to T 
cells and T cell subsets 
(CD4 and CD8) 


Determines total number of 
T cells as well as T cell sub- 
sets, eg, helper/suppressor. 


Cytokine production (IL-1 . IL- 
2, lymphotoxin, tumor ne- 
crosis factor, etc) 


Used to detect specific cytok- 
ine production from subsets 
of mononuclear cells as an 
index of function. 


Helper/suppressor T cell func- 
tion 


Provides information on T 
cell regulation of immunity. 




Figure 20-1. Infant with DiGeorge's syndrome. Promi- 
nent are low-set and malformed ears, hypertelorism, and 
fish-shaped mouth. Also note the surgical scar from car- 
diac surgery. 



Clinical Features 

A. Symptoms & Signs: The most frequent pre- 
senting sign in patients with DiGeorge's syndrome 
occurs in the first 24 hours of life with hypocalcemia 
that is resistant to standard therapy. Various types of 
congenital heart disease have been described, includ- 
ing interrupted aortic arch, septal defects, patent duc- 
tus arteriosus, and truncus arteriosus. Renal abnor- 
malities may also be present. Some patients have the 
characteristic facial appearance described above. Pa- 
tients who survive the immediate neonatal period 
may then develop recurrent or chronic infection with 
various viral, bacterial, fungal, or protozoal organ- 
isms. Pneumonia, chronic infection of the mucous 
membranes with Candida, diarrhea, and failure to 
thrive may be present. 

Spontaneous improvement of T cell immunity oc- 
casionally occurs. These patients are considered to 
have "partial" DiGeorge's syndrome, but the reason 
for the spontaneous improvement in T cell immunity 
is not known. Patients have also been suspected of 
having DiGeorge's syndrome on the basis of 
hypocalcemia and congenital heart disease with or 
without the abnormal fades but have been found to 
have normal T cell immunity. Subsequently, these 
patients may develop severe T cell deficiency. 

B. Laboratory Findings: Evaluation of T cell 
immunity can be performed immediately after birth 



in a patient suspected of having DiGeorge's syn- 
drome. The lymphocyte count is usually low 
(<1200/fiL) but may be normal or elevated. In the ab- 
sence of stress during the newborn period, a lateral- 
view x-ray of the anterior mediastinum may reveal 
absence of the thymic shadow, indicating failure of 
normal development. Delayed hypersensitivity skin 
tests to recall antigens are of little value during early 
infancy, because sufficient time has not elapsed for 
sensitization to occur. T cells are markedly dimin- 
ished in number, and the peripheral blood lympho- 
cytes fail to respond to phytohemagglutinin (PHA) 
and allogeneic cells. 

Studies of antibody-mediated immunity in early 
infancy are not helpful, because immunoglobulins 
consist primarily of passively transferred maternal 
IgG. Although it is believed that some of these pa- 
tients have a normal ability to produce specific anti- 
body, the majority have some impairment of antibody 
formation. Sequential studies of both T cell and B 
cell immunity are necessary, since spontaneous re- 
missions and spontaneous deterioration of immunity 
with time have been described. 

A diagnosis of hypoparathyroidism is established 
by the demonstration of low serum calcium levels, el- 
evated serum phosphorus levels, and an absence of 
parathyroid hormone. Congenital heart disease may 
be diagnosed immediately following birth and may 
be mild or severe. Other congenital abnormalities in- 
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Solid-organ transplantation has become an increasingly 
important therapeutic modality for patients with various 
end-stage diseases. Despite improved immunosuppression 
protocols, most transplant recipients face a variety of com- 
plications. Early after transplant, infection and rejection 
are the major causes of morbidity and mortality. Drug tox- 
icity, chronic rejection, and malignancies are long-term 
complications. 

Many attempts have been made to develop in vitro pro- 
cedures that can assess the immunologic status of the al- 
lograft reliably and accurately. Immunological monitoring 
could, in theory, differentiate rejection from other forms of 
dysfunction, such as infection or primary nonfunction. Fur- 
thermore, the ideal tool would be able to gauge accurately 
a patient's response to antirejection therapy and might help 
prevent over immunosuppression. Immune monitoring 
could also be important in predicting long-term graft out- 
come and thereby identify which recipients could have 
their immunosuppression markedly reduced without in- 
creasing the risk of acute or chronic rejection. 

Although there is no one ideal immunological test that 
can accomplish all of the above, there are a number of 
tests that can be used together to assess the immunological 
status of the transplant recipient. The most informative 
approach appears to be performing a sequential analysis 
using assays that measure different immune functions. 



MLC 
Concept 

Mixed leukocyte culture (MLC) is perhaps the most widely 
used cellular assay. It represents a functional assay of 
cellular response to stimulatory determinants associated 
predominantly with HLA class II molecules, including 
HLA-DR, -DQ, and, to a lesser extent, HLA-DP. The first 
descriptions of this assay as a measurement of cellular im- 
munity (3, 4), together with the development of a one- 
way method of stimulation, allowed the correlation of 
proliferative responses between siblings. The conclusion 
was that a single genetic locus or region, now known as 
HLA, controlled the MLC reactivity. The recognition of 



disparate HLA class ll molecules and the resulting T-cell 
activation (as measured in MLC) are thought to represent 
an in vitro mode! of the afferent arm of the in vivo allograft 
reaction. 

MLC is an in vitro test of lymphocytes responding to 
stimulation by disparate HLA class II molecules, which are 
predominantly expressed on B cells and monocytes of the 
stimulator cell population. Proliferative reactivity to HLA 
class I molecules has been reported but plays a minimal 
role in the overall bulk MLC response. In MLC, stimulator 
cells have been inactivated, usually by X- irradiation, and 
can no longer divide. The resulting proliferation of re- 
sponding cells involves the logarithmic expansion of mul- 
tiple clones of alloactivated T cells. This expansion can be 
measured by incorporation of the radioisotope-tritiated thy- 
midine (['Hlthymidine) into replicating DNA during the 
logarithmic phase of cellular expansion, usually on the fifth 
day of culture. The amount of thymidine incorporated into 
cellular DNA is then assayed by liquid scintillation spec- 
trophotometry. Exogenous ( 4 H|thymidine added to in vitro 
cultures is incorporated during DNA replication via the 
salvage pathway, in which free purine bases are formed by 
hydrolytic degradation of nucleic acid and nucleotides. Ex- 
ogenous ['Hlthymidine is added to cultures for a period of 
time that is longer than the S phase of the cell cycle but 
shorter than the cell cycle ir<eif. usually 1 8 h. 

The degree of reactivity observed correlates with the 
degree of antigenic disparity between responding and stim- 
ulating cells. MLC has been u>ed clinically for donor se- 
lection, predominantly for bone marrow transportation. 
With the more recent application of DNA-based HLA typ- 
ing methods, MLC is used less often for donor selection 
but more often for following the recipients posttranspiant 
donor antigen-specihc immune status. The dlffer * n r C p 
tween posttranspiant and pretransplant antidonor MLO re- 
sponses can be used to define any changes (increases o 
decreases). Studies have shown that solid-organ recipients 
who develop a decreased response (i.e., are h YP ores P° nS ^' 
are at low risk for immunologic complications, such as^ 
acute rejection episodes and chronic rejection. H yP° , 
tivity is defined as at least a 60% decrease in reactivitTO 
the posttranspiant anridonor response compared wl ^ eto 
pretransplant antidonor response, assuming the respo 
third-party cells remains unchanged (26, 27)- 
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gfocedure 

Sample Requirements 

Collection of specimens. Care must be taken through- 
out the procedure to ensure a sterile specimen. Usu- 
ally. 20 to 30 ml of sterile heparinized blood is 
obtained from the blood donor. The specimen may 
be saved overnight but should be processed within 
24 h of the phlebotomy. It should be maintained at 
room temperature even if it is being shipped by over- 
night carrier. Poor cell yields may result from tem- 
perature conditions that are too cold or too warm. 

Materials and Reagents 

Lymphocyte separation medium (LSM) (Pharmacia 
Biotechnologies, catalog no. 17084003) 

Culture medium: RPMl 1640 with HEPES buffer sup- 
plemented with 100 U of penicillin per ml, 100 U 
of streptomycin (Grand Island Biological, catalog no. 
380-2400AJ) per ml, 10 U of preservative-free hep- 
arin (Monoparin heparin; Accurate Chemical & Sci- 
entific Corp., catalog no. A6500) per ml, 2 mM 
L-gtutamine, and 10 to 20% pooled human sera 
(PHS) 

PHS: serum from 10 to 20 healthy nontransfused male 
donors, heat inactivated at 56°C for 30 mm (see 
"Pitfalls and Troubleshooting" below for additional 
specifications) 

( 3 H]Thymidine: specific activity of 6.7 Ci/mM; 0.5 to 
1.0 mCi per well is commonly used (New England 
Nuclear, catalog no. NEN-027) 

Hanks 1 balanced salt solution (Grand Island Biological, 
catalog no. 310-4170PJ) 

Equipment and Instrumentation 

Radiation source (usually gamma-emitting radiation 
source); alternatively, mitomycin (Sigma, catalog no. 
M0503) 

Laminar flow hoods (Baker 60; The Baker Co., Sanford, 
Maine) 

Liquid scintillation counter ( 1 205 Betaplate; Pharmacia 
LKB) 

Rate freezer (model 70014; CryoMed) 
Liquid nitrogen refrigeration unit (model CAllIL; 
CryoMed) 

Mechanics and Controls 

Mononuclear cells are isolated by centrifugation of periph- 
eral blood diluted 1:2 with Hanks' balanced salt solution 
over LSM. Peripheral blood mononuclear cells (PBMC) are 
removed from the LSM interface, diluted with Hanks' bal- 
anced salt solution, and then centrifuged at 500 X g for 
10 min. The supernatant is decanted, and the wash steps 
arc repeated two more times. The cells are resuspended in 
an exact quantity of complete culture medium^ A leukocyte 
count is done, and viability is determined via dye exclu- 
sion. The cell suspension is diluted to a final concentration 
of 5 X 10 5 PBMC per ml, using the culture medium. Stim- 
ulator cells are inactivated either by irradiation at 1,500 to 
3,000 rads or by incubation with mitomycin according to 
the manufacturer's instructions. With a repeating microliter 



pipette, stimulator and responder cells are added in tripli- 
cate to round-bottom microtiter plates (ICN, catalog no. 
760-042-05), such that each well receives 100 /xl of stim- 
ulator cells (5 X 10< PBMC) and 100 of responding 
cells (5 X 10 4 PBMC). 

A complete culture setup includes the following: 

• Allogeneic cultures containing all possible combina- 
tions of responder and stimulator cells, including cells 
from three control cell donors of a known HLA phe- 
notype 

• Autologous cultures containing the responder and stim- 
ulator cells from the same cell donor 

• Control wells containing either responder or stimulator 
cells alone, with an equal volume of complete culture 
medium 

• Double irradiation control cultures containing stimula- 
tor cells from two different cell donors 

The cultures are incubated at 37°C in a humidified at- 
mosphere of 5% CO z in air for 5 days, after which 0.5 to 
1.0. /xCi of I 3 HI thymidine is added to each well. The cul- 
tures are incubated for an additional 18 h. The culture 
plates can then be harvested immediately or sealed with 
pressure-sensitive film and placed in the refrigerator until 
harvesting. A number of different harvesting machines and 
counting systems are available: the cells can be harvested 
onto filter disc sheets, or the samples can be counted in 
vials or cassettes or directly, without the need for scintil- 
lation fluid. The manufacturer's instruction manual should 
describe the appropriate procedures. 

Pitfalls and Troubleshooting 

• Drugs. If a patient is taking one of the following 
drugs, the proliferative response may be compromised: 
prednisone, Myleran, hydroxyurea, Cytoxan, or L- 
asparaginase. 

• Serum. One of the most common sources of technical 
problems in any cellular procedure is a poor serum 
source. Each individual lot of a serum source or, pref- 
erably, each individual serum unit within the lot should 
be screened for growth support capabilities and possible 
HLA antibodies. The screen should include a control 
response to a pool of allogeneic cells to measure maxi- 
mum response and an autologous control to ensure low 
backgrounds. If sporadic high backgrounds are observed, 
an endotoxin test may be advisable. 

• ^HYThymidine. If low counts per minute are observed, 
the scintillation counter and the shelf life of the 
( 3 H]thymidtne should be checked. The half-life of the 
3 H is 12.3 years, but the shelf life of the thymidine is 
considerably shorter. 

• Frozen cells. Cells to be used as responder cells in the 
cell cultures can be bulk frozen by a step-down proce- 
dure at 4, -30, and -70°C before use. However, via- 
bility and cell recovery are better if the cells are rate 
frozen and stored in the vapor phase of a liquid nitrogen 
storage unit. 

The American Society for Histocompatibility and Jmrnu- 
nogenetics Procedure Manual (28) is an excellent source of 
additional information and details on cellular methods. 

Interpretation 

Results are usually expressed as raw counts per minute of 
[ 3 H] thymidine incorporation. The data may be reduced to 
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allow for easier interpretation and comparability from one 
test to another. The two most common forms of data re- 
duction are the stimulation index and the RR. The stim- 
ulation index is a simple ratio of the counts per minute 
from an experimental MLC combination to the counts per 
minute of the autologous control. The RR is the ratio of 
the net counts per minute (after subtraction of the autol- 
ogous control counts per minute of an allogeneic MLC 
combination) to that of a maximally stimulated or control 
MLC combination (usually the response to a pool of allo- 
geneic cells), multiplied by 100 to obtain a percentage 
(28). 



VARIATIONS 
MTT Method 

A nonradioactive alternative to detecting proliferation is a 
colorimetric (3-4,5-dimethylthiazol-2-yl)-2.5 diphenyl tet- 
razolium bromide salt (MTT) reduction assay. This assay 
detects the function of a mitochondrial enzyme that reflects 
the number of metabolically active cells present in the cul- 
ture. The MTT, a yellow aqueous solution, is taken up by 
the viable cells and reduced in the mitochondria to a pur- 
ple crystal. After solubilization of these crystals, the reac- 
tion is measured with a spectrophotometer. An increase in 
the measured optical density parallels an increase in mito- 
chondrial enzyme activity, which reflects an increase in the 
number of cells. This approach can detect increases in an 
interleukin-2 (IL-2) -sensitive line, CTLL20. Van Buskirk 
et al. (36) have demonstrated that colorimetric detection 
of IL-2 production correlates well with the radioactive de- 
tection of T-cell proliferation and can be used interchange- 
ably with the standard MLC. 

Multiparameter Flow Cytometry 

A second nonradioactive method to detect T-cell activa- 
tion is a flow cytometry assay. It detects an early activation 
antigen, CD69, which reaches peak expression within 8 h 
of stimulation (17). The assay uses a three-color technique 
to detect CD3 CD69 CD4 + or CD3 CD69 CD8 + cells. 
Advantages are short activation time (4 h), absence of ra- 
dioactivity, avoidance of peripheral blood lymphocyte sep- 
aration, ability to identify activated T-cell subsets, quick 
turnaround (results can be obtained in hours), simplicity, 
and high sensitivity (17). This technique may be especially 
informative when analyzing mitogen or antigen stimuli; 
however, analyzing a response to allogeneic cell stimulus 
may be more difficult (Fastlmmune Assay System; Becton 
Dickinson). 



T-CELL-PREtURSOR FREQUENCY 
DETERMINATION BY LDA 

The frequency of T-cell precursors is determined by limit- 
ing dilution assays (LDA). Limiting numbers of responder 
cells are cultured with a constant number of stimulator cells 
and assayed for reactivity (cytotoxic, proliferative, or cy- 
tokine release) against additional stimulator cells. In con- 
trast to MLC, which measures a bulk response, LDA is a 
quantitative tool. It allows the investigator to estimate the 
frequency of lymphocytes with a given function and anti- 
gen specificity. LDA imply that the lysis is a single-hit pro- 
cess; that is, a single precursor cell will initiate the 
sequence of events that leads, in the case of cytotoxic pre- 
cursors, to the eventual lysis of the cell. A frequency can 
be determined if the lymphocyte population is random; 



that is, the function of the lymphocyte population is 
influenced by the presence of another lymphocyte do 
lation. The clear distinction between a response and alrk 
of that response is imperative. Making this distinction r 
more difficult in the cytotoxicity assay, in which an arh' ' 
trary threshold that separates the spontaneous release of 
s, Cr from the release from the lysed targets is set Th 
frequency of responding cells is determined by a maximum 
likelihood estimation, using a computer program (13) 

LDA of HTL 

Helper T lymphocytes (HTL) are detected by their ability 
to produce IL-2. The murine I L- 2 -dependent line, 
CTLL20, is used as the indicator line in this bioassay. 
Adding CTLL20 cells directly to the micrometer wells is 
more sensitive than removing an aliquot of supernatant 
and adding it to the CTLL20 cells. Before adding the in- 
dicator line, the plates are irradiated to inhibit the re* 
snonder cells from proliferating and incorporating 
1 Hlthymidine. A low dose of radiation does not block the 
continued production of IL-2 by the responding cells. In 
the absence of IL-2, the CTLL20 cells die rapidly. There- 
fore, any proliferation detected is due to division of the IL- 
2 -stimulated CTLL20 cells. 

Method 

LDA can he done on fresh or cryopreserved cells. The cells 
are prepared as described in the section on the MLC pro- 
tocol. Limiting numbers of PBMC (2 X 10 4 , i.O X 10\ 
0.5 x 10 4 , 0.25 x 10 4 , 0.125 x 10\ 0.0625 X 10\ and 
0.03125 X lO* 1 ) are cultured in round-bottom microtiter 
plates with constant numbers (10 X 10 4 ) of irradiated 
(3,000 rads) stimulator cells. When testing HLA-identicai 
pairs, increased numbers of cells are often used, such that * 
the highest concentrations are 4 X 10\ 6 X 10\ 8 X 10\ 
or 10 X 10 4 cells. Multiple wells per dilution are necessary 
to ensure an accurate assessment of the frequency. Usually, 
24 wells per dilution are set up. The culture medium is the 
same as that used in the MLC protocol. Control wells con- 
sist of 24 wells containing irradiated stimulator cells alone 
(for calculation of background activity), responder cells in 
medium alone (negative controls), and responder and stim- 
ulator cells set up separately against HLA-mismatched 
third-party cells (positive controls). The plates are incu- 
bated for 64 h at )7°C in a 5% CO, environment. The 
plates are irradiated with 2,500 rads. CTLL20 cells (1 X 
i0M are added in 25 ml of medium. The plates are incu- 
bated for H h with I mCi of THlthymidine in 25 ml per 
well. Cultures are reincuhated for 16 h. Cultures are har- 
vested and counted as outlined in the MLC protocol, lne 
wells are considered positive if pHlthymidine incorpora- 
tion is greater than the mean plus 3 standard deviations ot 
the 24 control wells. The frequency of responding cells is 
determined by a maximum likelihood estimation, using a 
computer program, and the variance is determined by tn 
use of 95% confidence intervals. Regression analysis is usea 
to generate a straight line. Chi-square analysis 
show that the data obtained are in accordance 
hit kinetics. A program that does all the necessary calcu 
lations for this analysis is described in reference U- 



Pitfalls and Troubleshooting ^ f 

The sensitivity of this assay depends on the condition 
the IL-2 indicator cells. The proliferation of thel-J ^ 
line depends on murine or human \L-l or m ^ 
without which the cells will die rapidly, he w ^ ^ 
he maintained at a concentration of I X lu 
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Sir. 

t Sherman Fong. Ph.D. declare and say as follows: - 

I. I was awarded a Ph.D. in Microbiology by the University of California at Davis, CA i 



2. 



in 

1975. 

After postdoctoral training and holding various research positions at Scripps Clinic and 
Research Foundation. La folia, CA, [joined Genentech. Inc.. South San Francisco, CA i, 
1987. [ am currently a Senior Scientist at the Department of Immunology/Discovery 
Research of Genentech, Inc. 

My scientific Curriculum Vitae is attached to and forms part of this Declaration. 

I am familiar with the Mixed Lymphocyte Reaction (MLR) assay, which has been used 
by me and others under my supervision, to test the immune stimulatory or immune 
inhibitory activity of novel polypeptides disco vered in Genentech's Secreted Protein ... 
Discovery Initiative project 

The MLR assay is a well known and widely used proliferative assay of T-cell function, 
the basic protocols of which are described, for example, in Current Protocol, in 
Immunology Vol. I, Richard Coico, Series Ed., JohnWiley & Sons, Inc., 1991, Unit 3. 12. 
(Exhibit A). This publication is incorporated by reference in the description of the MLR 
protocol in the present application. 



6. The T-lymphocytes oc "T-cells" of our immune system can be induced to proliferate by a 
variety of agents. The MLR assay is designed to study a particularly important induction 
mechanism whereby responsive T-cells are cultured together (or "mixed"), with other 
lymphocytes that are "allogeneic" , e.g. lymphocytes that are taken from different 
individuals of the same species, [n the MLR protocol of the present application, a 
suspension of PBMCs that includes responder T-cells, is cultured with allogeneic PB MCs 
that predominantly contain dendritic cells. According to the protocol, the allogeneic 
"stimulator" PBMCs are irradiated at a dose of 3000 Rad. This irradiation is done in 
order to create a sample of cells that has mainly dendritic cells, ft is known that the 
dendritic cell population among the PBMCs are differentially affected by; irradiation. At 
low doses (500-1000 Rad), the proliferation of most cells, including the B cells in the 
PBMCs. is preserved, however, at doses above 2000 Rad. this function of B cells is 
abolished. Dendritic cells on the odier hand, maintain their antigen presentation function 
even at a 3000 Rad dose of radiation. (See, e.g. Current Protocols in Immunology supra, 
at 3. 12.9). Accordingly, under the conditions of the MLR assay used to test the PRO 
polypeptides of the present invention, the stimulator PBMCs remaining after irradiation 
are essentially dendritic cells. 

7. Dendritic cells are the most potent antigen-presenting cells, which are able to "prime" 
naive T cells in vivo. They carry on their surface high levels of major histocompatibility 
complex (MHC) products, the primary antigens for stimulating T-cell proliferation. 
Dendritic cells provide the T-cells with potent and needed accessory or costimulatory 
substances, in addition to giving diem theT^ll maturing antigenic signal to begin 
proliferation and carry out their function. Once activated by dendritic cells, the T-cells 
are capable of interacting with other antigen presenting B cells and macrophages to 
produce additional immune responses from these cells. For further details about the 
properties and role of dendritic cells in immune-based therapies see. e.g. Steinman, Drug 
News Persnect. 13(10):58 1-586 (Exhibit B). 

8. The MLR assay of the present application is designed to measure the ability of a test 
substance to "drive" the dendritic cells to induce the proliferation of T-cells that are 
activated, or co-stimulated in the MLR, and thus identifies immune stimulants that can 
boost the immune system to respond to a particular antigen that may not have been 
immunologically active previously. 
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9. Such immune stimulants find important clinical applications. For example, IL-12 is a 
known immune stimulant, which has been shown to stimulate T^ell proliferation in the 
MLR assay. IL-12 was first identified in just such an MLR [Gubler et al. PNAS_88, 
4143 (1991) (Exhibit C)|. In a recent cancer vaccine trial, researchers from the 
University of Chicago and Genetics institute (Cambridge, MA) have demonstrated the 
efficacy of the approach, relying on the immune stimulatory activity of IL-12, for the 
treatment of melanoma, (Peterson et al. Journal of Clinical Oncology 21 ( 12). 2342-48 
(2003) (Exhibit D) | They extracted circulating white blood cells carrying one or more 
markers of melanoma cells, isolated the antigen, and returned them to the patients. 
Normally patients would not have an immune response to his or her own human antigens. 
Tbe patients were then treated with different doses of IL-12, an immune stimulant 
capable of inducing the proliferation of T cells that have been co-stimulated by dendritic 
cells. Due to the immune stimulatory effect of IL-12, the treatment provided superior 
results in comparison to earlier work, where patients' own dendritic cells were prepared 
from peripheral blood mononuclear cells (PBMCs), treated with antigens, then cultured 
in vitro and returned to the patient to stimulate anticancer response. fThumer et al. L 
Exp. Med. 190 (11), 1669-78 (1999) (Exhibit E)j. 

10. It is my considered scientific opinion that a PRO polypeptide shown to stimulate T-cell 
proliferation in the MLR assay of the present invention with an activity at least 180% of 
the control, as specified in the present application, is expected to have the type of activity 
as that exhibited by DL-12, and would therefore find practical utility as an immune 
stimulant. Some PRO polypeptides do the reverse, and give inhibition of T<ell 
proliferation in the MLR assay, [t is ray considered scientific opinion that a PRO 
polypeptide shown to inhibit T-cell proliferation in the MLR assay where the activity is 
observed as 80% or less of the control, as specified in the present application, would be 
expected to find practical utility when an inhibition of the immune response is desired, 
such as in autoimmune diseases. 
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Proliferative assays for T Ceil Firactibu 



UNIT 3.12 



A number of agents can specifically or nonspecifically induce T cell activation, resulting 
in cytokine production, cytokine receptor expression, and ultimately proliferation of the 
activated T cells. Although proliferation is not a specific effector function of T lympho- 
cytes — in contrast to helper function for B lymphocytes (junk j./o) or cytotoxicity (unct 
s it) — proliferattOQ assays are reliable, simple, and easy to perform and have been widely 
used to assess the overall irnrnunocompetence of an animal. In addition, the assays 
described in this unit form the basis for identifying the appropriate cellular population 
that might be used to obtain T cell clones (unit 3 A3) or T cell hybridoraas (unit 3.14). 

The assays have been divided into two groups on the basis of whether they are used to 
stimulate primed or unpriraed T lymphocytes. The first basic protocol describes the use 
of agents that are capable of activating unprimed T lymphocytes in culture either by 
pharmacologic means (calcium ionophore and phorbol ester stimulation), by direct 
cross-linking of the T cell receptor (TCR) on a large percentage of responder cells 
(anti-CD3 f ana-TCR-yS, or anti-TCR-op monoclonal antibodies), by cross-linking the 
receptors on certain subpopulations of T cells with monoclonal antibodies specific for the 
V regions of P chains of the TCR (anti-Vf}) or wiuY enterotoxins specific for certain 
Vp-chain regions, or by indirectly 

to non TCR antigens). The first alternate protocol describes the use of plate-bound 
antibodies specific for the TCR to stimulate proliferation. The second alternate protocol 
describes the activation of unprkned T cells to cell-associated antigens in the mixed 
leukocyte reaction (MLR). The first support protocol describes the preparation and use 
of T cell-depleted accessory or stimulator cells and the second support protocol describes 
methods for blocking accessory cell proliferation. Finally, the second basic protocol 
describes the induction of a T cell proliferative response to soluble protein antigens or to 
cell-associated antigens against which the animal has been primed in vivo. 

The assays in this unit employ murine T lymphocytes. Induction of proliferative responses 
of murine B lymphocytes is described in UN(T3J0. Related assays for use with human 
peripfieral blood lymphocytes are described in VNff 7.9. 

NOTE: All solutions and equipment coming into contact with cells must be sterile, and 
proper sterile technique should be used accordingly. 

ACTIVATION OF UNPRIMED T CELLS 

Unprimed T cells can be induced to proliferate by a variety of agents, including pharma- 
cological agents, anti-CD3/TCR or anti-Thy-l monoclonal antibodies, enterotoxins and 
lectins. The commentary briefly describes the specificities of these agents, while Table 
3.12.1 lists sources and concentrations for use in this protocol Although this procedure 
is intended to measure proliferation of T cells specifically, in many cases induction of T 
cell proliferation is dependent on the presence of non-T cells that function as accessory 
cells. The latter provide additional costiituilatory signals for T cell proliferation as well 
as cross link (via their Fc receptors) monoclonal antibodies bound to cell-surface anti- 
gens. The requirement for non-T accessory cells varies with the nature of the stimulatory 
ligartd and can range from absolute dependence to accessory cell-independent T cell 
activation (see Table 3, 12.1). The activation is calculated after determining the difference 
in incorporation of [ 3 H]rhymidine between stimulated and control cells. 
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Table 3.12.1 Agents Used to Activate Unprimed TCefis in Proliferative Assays 



Agent" 


Source/ 

<-^<U_ uu. 


Coaceotration 


Accessory 
cells 0 


Mode of action, etc. 


PMA 


S[GP8139 


l-lOng/ml 


No 


Use with ionomvrin or 
A23 187; pharmacologic 


Ipnomyciu 


CAL 407950 


200-500 ng/mi 


No 


Use with PMA- 
pharmacologic 


A23187 


CAL 100105 


100-500 ngftnl 


No 


Use with PMA; 
pharmacologic 


PHA 


WD HA 16 


1-5 \Lgfmi 


Yes 


Indirect TCR 
cross 4 inking 


CoqA 


PH 174)450-01 


i-iQ \xgfml 


Yes 


Indirect TCR 
cross -linking 


Ana -Thy- 1 


Pfr mAh-Tr7 


t-ju jig/ ml 


Yes 0 


Indirect TCR 
cross 4 inking 


Anti-CD3 


PGHM-CD3 


0.1-5 jig/mi 


Yes* 


Use plate-bound or 
soluble; direct TCR 
cross 4 inking 


Anfi-TY~ T T?-/vfl 


rvj ruyl-AJo- 

TCR 


04-10 Jig/ml 


Yes 0 


Use plate-bound or 
soluble; direct TCR 

croc*: J i n \rt n <t 


AntiTCR-76 


PGHM<JI> 


04-lOOjigfml 


No 


Use plate-bound; direct 




TCR-1; 






TCR cross4ioJcing 




HM43D-TCR-3 






Anti-VP-8.l, 


PGMM-Vp- 


0.1-100 Jig/rm 


No 


Use plate-bound; direct 


8.2° 


TCR-l 






TCR cross4in!dng 


Anti-Vp-6° 


PG RM-Vp- 
TCR-2 


0.1-100 fig/ml 


No 


Use plate-botjad; direct 
TCR cross-linking 


Anti-Vp-U 


PGRM-Vp- 
TCR-3 


O.i-lOOfig/ml 


No 


Use plate-bound; direct 
TCR cross linking 


Staph to* A 


TTAT101 


I-lO^tg/ml 


Yes° 


Vp-1,3.10.11,17- 

reccptor specificity 


StaphtoxB 


TTBT202; 
SIGS4881 


1-100 fig/ml 


Yes 0 


Vp^3J,8J7-receptor 
specificity 


Staph toxE 


TTET404 


1-I0|tgfail 


Yes° 


Vp-UJ5^7*«xptor 
specificity / 



**<"**^ PMA, -Pbacbol U-myristatc 13-acetate; PHA, fAytohcmaggluuiuii; Coa A, cooauuvalin A; Staph 
tox A, B, & E, Staphylococcus catcrotoxins A, B , & E *^ 

*Soppttcr addresses and phone numbers arc provided in *««*d*x 5. AJ,brcviauoas: CAU Calbtocaem: PG 
Phanntogca; PH, IWiacu LKB; SIG, Sigma; TT. Ton* Technology; WD, Wellcome DUgRostics. ' 

<When usiog anu4X>3 aad aan-TCR antibodies in soluble farm (rather than plate^ound). accessory cells arc 
tcqau&L When «sia^ Staph enterotoxks, accessory ecus must express appropriate MHC class D molecules 
Accessory ce0 dependence is not absolute with ant* 4uy- 1 antibodies "wk^uk*. 
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Materials 

Complete RPMI-5 and RPMI-10 media (appendix 2) 

Responder cells; lymphocytes from nonimmunized mouse thymus, spleen, or 

lymph nodes (unit j./) 
Activating agent(s) (Table 3.12.1) 
Phosphate-buffered saline (PBS; appendix!) 

Accessory cells: unfractionated mouse spleen cell suspension, irradiated or 
treated with mitomycin C (second support protocol) or T cell-depleted 
(first support protocol) 

[ 3 H]thymidine (appendoc3) 

15- and 4 -ml disposable, polystyrene conical tubes with screw caps 
Low-speed centrifuge with Sorvail H-1000B rotor (or equivalent) 

5-, and 10-mi disposable polystyrene pipets 
96-well flat- or round-bottom microdter plates with lids (Costar #3596 or #3799) 
25- to lOO-pl single- and multichannel pipettors with disposable tips 

Additional reagents and equipment for removing organs (wwr # 9), preparing 
single-cell suspensions (wtT3. /), and counting, labeling, and harvesting 
cells {appendix 3) 

1. Prepare responder leukocyte suspensions from thymus, spleen, or lymph node in 
complete RPM1-5 as described in unk j. t. 

The size of the intended experiment dictates the number of organs to be collected See 
annotation to step 3 for an indication of cell number required, and UNfTJ.t for number 
of celts per organ. Spleen, thymus, and lymph node can be used as responder cells, 
while only spleen is a source of accessory celts. Purified T cells or subpopulations of 
T cells (Le.. CD4+ or CD8+) cells may also be useiL See UNCTS 31-3.6 for enrichment/ 
depletion methods. 

2. Centrifuge single-cell suspensions in 15-ml conical tubes for 10 rain in Sorvail 
H- 1000B rotor at -1000 rpra (200 x g), room temperature, and discard supernatant 

3. Resuspend cell pellet in complete RPMI-5. Count responder ceils and adjust to ~ 10 6 
cells/ml with complete RPMI-10. 

While this concentration (I x Itf cells/ml or 2 x 10 s cellsAveU) will give satisfactory 
responses with most cell populations, it is useful to compare 2, 4, and 8 x10 s cells per 
well in initial pilot experiments. Ff unfractionated spleen or lymph node cells are used 
as the responder population, sufficient accessory cells are present and there is no need 
to supplement the cultures with additional cells. However if highly purified T cells or 
T cell subpopulations are used as respondent, it will be necessary to add non-T 
accessory cells depending on the nature of the activating agent (see Table 3. 12. I). This 
is most easily accomplished by adding increasing numbers (0, 1, 0.5, and L0 x 10*) of 
syngeneic spleen (accessory) cells in OA ml 10 2 x10 s T celts inO.lml (see first support 
protocol). Abo, a meaningful comparison of the responsiveness of different cell 
populations requites titrations of both the activating agents as well as the responding 
cell populations, and a kinetic experime/U. 

4. Prepare working solutions of activating agents in 4-ral conical tubes at room temper- 
ature as follows. For MAb. toxin, or lectio, make a series of four dilutions from I 
mg/ml stock solutions— e.g., 100, 30, 10, and 3 Jig/ral in PBS. For the pharmacolog- 
ical agent, make single dilutions of 100 ng/nil solution of PMA and 1 fig/ml A23 187 
(or 4 p.g/ml ionomycin) in PBS. 

If MAb in supernatant or ascites form are being used, at least four dilutions should 
also be used Working solutions should be used immediately, since the various proteins, 
especially MAb, may bind to the plastic. 



Current Protocols in Inunu oology 



In Vitro Assays 
for Mouse B and 
TCefl Function 

3123 



ALTERNATE 
PROTOCOL 



Proliferative 
Assays for T Cell 
Function 

3-12.4 



See Table 3. 12 / for Vp specificities of staphylococcal enterotoxins. It is essential to 
verify that the mouse strain employed expresses the MHC class fl surface molecules 
for which the enterotoxin has a specific binding affinity. See Marrack and Kappler 
(1989) for further discussion of various enteroxins and their specificities. 

5. Add 20 fil of each dilution of activating reagent (MAb, enterotoxin oc lectin) to each 
of three wells of a 96- well flat- or round-bottom microtiter plate. Include control wells 
with 20 id of PBS only. Add 20 |U PMA or calcium ionopbore at the single 
concentration indicated in step 4, as the dose-response curve for these agents is 
extremely narrow. 

A series of four dilutions will form one row of each microtiter plate, allowing for 
efficient organization of the plates. 

6. To the wells of the 96-well microtiter plate containing activating agent, add 2 x 10 5 
cells in 0.2 ml. 

7. Place microtiter plates in a humidified 37°C, 5% C0 2 incubator for 2 to 4 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions and must be determined empirically (see critical parameters). 

8. Add [ 3 H]thymidine to each well Return the plates to C0 2 incubator to pulse 18 to 24 
hr. Harvest cells using a semiautoraated sample harvester and measure cpm in p 
scintillation counter. 

9a. Compute the data as the difference in cpm of stimulated (experimental) and control 
(no activating agent added) cultures. This is done by subtracting die arithmetic mean 
of cpm from triplicate control cultures from the arithmetic mean of cpm from 
corresponding stimulated cultures. The results are referred to as "A cpm." 

9b. Alternatively, compute the data as die ratio of cpm of stimulated and control cultures. 
This is done by dividing the arithmetic mean of cpm from stimulated cultures by the 
arithmetic mean of cpm from control cultures. The results are referred to *Sr 
(stimulation index). 

The second method (step 9b) has the disadvantage that small changes in background 
values will result in large changes in SI and should be interpreted with caution In most 
publications, A cpm rather than Sf values are preferred 

ACTIVATION OF UNPRIMED T CELLS WITH 
PLATE-BOUND ANTIBODIES 

Although it is possible to induce T cell activation with monoclonal antibodies to the 
CD3/TCR complex in solution during culture, such activation depends on cross-unking 
of the antibody by Fc i^ptoM>earing accessory cells. This protocol describes the use 
of monoclonal antibodies to the CD3flDCR complex by coupling them to the wells of the 
microtiter plates. The T cell proUf erative response induced under these conditions does 
not require the presence of significant numbers of accessory cells, although the responses 
obtained may be suboptinxal (Jenkins et al., 1990). 

Use of this protocol is recommended for use with those antibodies to the CD3/TCR 
complex which bind poorly to die Fc receptor present on murine accessory cells and which 
do not induce Tcell activation in soluble form. Although all monwlond antibodies readily 
couple to plastic under these conditions, it is very difficult to induce a proliferative 
response with certain antibodies such as the G7, anti-Thy- 1 monoclonal antibody. In such 
cases, the conditions described in the basic protocol should be followed. 
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Additional Materials 1 
PBS (appendix 2), room temperature and 4°C 

I rag/ml purified anti-CD3 or anti-TCR MAb in PBS (for nonspecific activation 
of T cells) or I mg/ral purified anti-Vp or anti-TCR-yS MAb in PBS (for 
activation of T cells with specific receptors; see Table 3. 12.1) 

I. In 4-ml conical polystyrene tubes, prepare a series of four dilutions of MAb from 
stenle I rag/ml stock solutions-c.g., 100. 10. I. and 0.1 frg/ml-using room 
temperature PBS. 

purees and recommended concentrations of monoclonal antibodies can be found in 
Table 3.12.1; since MAb will bind to plastic, the working dilutions should be used 
unmedtately. 

Tlu, ability of anti-TCR antibodies to cross-link receptor molecules varies depending 
on the purity of me MAb preparation and die affinity of the MAb for the TCR/CD3 
complex. Optimum dilutions wilt have to be determined in dose-response experiments 
Alternatively, preparations of ascites fluid ftom the MAb can be tested at different 
dduaonsCeg., 1:100. 1:200, 1:400. and 1:800), but use of purified antibody will allow 
for better standardization of the assay. 

Because the efficacy of MAb-induced activation depends on the amount of antibody 
bound to the bottom of the wells, it is crucial to make the dilutions in a buffer without 
any additional source of proteins such as FCS or albumin; these would compete with 
the binding of the antibody, and therefore reduce the responsiveness. For this reason, 
it is also not recommended to perform the assay with culture supernatants of the 
appropriate hybridamas. 

2. Add 30 pi of each concentration of MAb solution to each of three wells of a 96-well 
round-bottom microliter plate, Include control wells of 30 ul PBS only. 

A series of four dilutions will form one row of each plate, allowing for efficient 
organization of the plates. Consistendy better responses are seen with round-bottom 
(compared with flat-bottom) plates in mtibody-mediated experiments. 

Most often, optimal responses are seen with 10 pg/ml antibody There is no point in 
adding more than the indicated amount of antibody, since the maximum amount that 
can bind to surface of the wells is -2 to 3 fig (A.M.K., unpub. observ.) 

3. Cover the plate and gently tap its side to ensure complete covering of the bottom of 
the wells. Incubate plates 90 ruin at 37°C. During incubation, proceed to step 4. 

During this incubation, the antibodies bind to the plastic in the wells for subsequent 
cmss-lmkmg of the T cell receptors on responding T cells. Plates can also be prepared 
the night before an experiment and kept in the refrigerator overnight, after the 37°C 
incubation 

4. Prepare responder cell suspensions as in steps I to 3 of the basic protocol. 

Highly purified T cell populations can be used in these studies as the proliferative 
response induced is accessory ceU-independent. However, the presence of noa-T 
accessory, cells does not interfere with the proliferative response. 

5. Wash the wells of the incubated plates by adding 200 pU cold PBS and inverting the 
plates whh a flick of the hand on a stack of paper towels placed in a tissue culture 
hood. Repeat washing procedure two more times to remove excess antibody. 

6. To the wells of the washed plates, add -2 x 10* cells in 0.2 ml. 

lWtdPBShasbemoyldea\Presunutily,tongerslomgeperiodsshou 

but our experience is limited to <4 day periods. The PBS should be removed before 

the cells are added 
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Most cell populations will give peak responsiveness at this cell dosage, but pilot 
experiments should be performed to establish optimal conditions. * 

7. Proceed as in steps 7 to 9 of the basic protocol, but incubate cultures for 2 to 3 days 
before adding [^thymidine. 

Kinetic assays should be performed to determine the optimum culture period 

T CELL PROLIFERATION IN MIXED LYMPHOCYTE CULTURES 
In the mixed lymphocyte culture (MLC) or reaction (MLR), suspensions of responder T 
cells are cultured with allogeneic stimulator lymphocytes. The activating stimulus is the 
foreign histocompatibility antigen (usually MHCclass I or class H molecules) expressed 
on the allogeneic stimulator cells. Responder cells need not be primed because a suffi- 
ciently high number of T cells in the MLC will respond to the stimulator population If 
the stimulator cell population contains T cells, their uptake of [^thymidine must be 
prevented by uradtation or treatment with mitomycin C; alternatively the stimulator cell 
suspension can be depleted of Tcells (see support protocols). 

Additional Materials 

Responder cells: lymphocytes from nonimmunized mouse thymus, spleen, or lymph 
nodes {units 1.943.1) or purified Tcells orTcell subpopulations (wrnj.i-id) 

Stimulator cells: allogeneic mouse spleen cells that differ from the responder cells 
at H-2 or Mis loci, irradiated or treated with mitomycin C (second support 
protocol) or T cell-depleted (first support protocol) 

I. Prepare responder cell populations as in steps I to 3 of the basic protocol. Although 
unfracuonated cell populations can be used as responders in certain situations it may 
be preferable to use purified T cells or T cell subsets. 

To estimate the MLR of a cell population, it is necessary to perform a dose-response 
assay with different numbers of responder cells. Typically, three replicate wells are set 
up containing eackof the following: 0.5. I. 2. and4x Iff cells (optimal responses are 
usually obtained with the latter two densities). The setup for these four cell densities 
will occupy one row (12 wells) of amicrotiter plate. 

For thymocytes, it may be necessary to use 8 x10 s cells per well because the frequency 
ofresponding Tcells is lower; the lowest number of responder cells could then belx 
IO> and the doses in between would be 2 and 4 X 10 s . Using this range of higher 
numbers of responder cells may also be preferred when experimental manipulations 
are expected to reduce axe frequency of responding Tcells. 

2. To a 96-weU mkrotiter plate, add 5 X 10< to 4 x 10 s responder cells in 0. 1 ml to each 
well. For each experimental group, set up three replicate wells. 

Stimulation of leukocytes for proliferation in 96-weU mkrotiter plates can be run in 

parallel wimtytotoxicTlyniphocyte (CTL) generation (VNtr3.ll), which ispetformed 

in 24-well tntcrotiter plates. For example, cells can be diluted to 4 x10 s cells/ml and 

^dfo24-weUpuitesinL0mVweUforCTLgenerationa^ 

ml/well for proliferation. ' 

3. Prepare a single^cellsuspension of irradiated or mitomycin C-treated stimulator cells 
Alternatively, prepare a suspeiision of T-cell depleted stimulator cells. Add O.t ml to 
each well of the plates containing responder cells. 

The optimum number of stimulator cells must be determined for each MLC and for 
different responder cells. For a range of responder cells from 05-4 x 10 s test 
stimulator cells at densities oj 2. 4. and 8 x l(fi/ml (Le.. 2. 4. and 8 x l(P/well) It 
should be noted that the stimulator cell suspension provides both the specific antigen 
to be recognized by the responder T cells as well as nonspecific accessory cells If 
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highly purified, cells are used as the responder population, U is therefore not 
ZpZZ TceT ** "° n - T Cd * to the 

Separate wells with eoatrol cultures should be set up that include-for each dose of 
responder and stimulator cells-replicate wells of responder cells with irradiated or 
"TTT , ^ sy»g««ic stimulator cells. Values obtained from these controls 
reflect background proliferation values (see step 9 of basic protocol). Other negative 
control often included are wells with stimulator cells alone and wells with responder 
ceUs alone. These are not used for the calculation of the data, but are useful to compare 
with the background proliferation values; the latter should not be much higher (<2-fold) 
than those obtained with stimulator or responder cells alone. Higher background values 
indicate potential autoreactivity. 

4. Follow steps 7 to 9 of the basic protocol, but incubate the cultures for 3 to 6 days. 

Opfimum culture periods for stimulating cells will vary depending on cell type and 
laboratory coniknons. and must be determined empirically (see critical parameters). 

DEPLETION OFT CELLS FROM 

ANTIGEN-PRESEN1TNG/S1TMULATX)R CELL SUSPENSIONS 
Although normal unfractionated spleen cell populations can be used as a source of 
accessory cells, in certain types of experiments it may be preferable to use spleen cell 
populations from which the T cells have been removed. This procedure ensures that none 
of the observed proliferative responses of the responder population result from T cell 
factors derived from the accessory ceU population. Per example, even T cells whose cell 
division has been blocked (second support protocol) can produce cytokines. In the 
following steps, T cell-depleted spleen cell suspensions are prepared using a lytic 
monoclonal antibody to the T cell antigen, Thy-l. Because almost all the antigen 
presentation or stimulator cell activity in spleen resides in the non-T cell fraction; this 
procedure also leads to enrichment of functional antigen-presenting cell function. Further 
ennchment of antigen-presenting cells (APC) by flotation of the TcelMepleted spleen 
ceUs on Percoll gradients is also described. Other procedures leading to enrichment of 
APC are described elsewhere; the method described in vims? does not deplete T cells 
and therefore is not recommended here; the method described in Omits leads to higher 
levels of enrichment that are not required in the protocols presented here. 

Additional Materials 

Spleen cells from nonimmunized mice 
Hanks balanced salt solution (HBSS; appendix 2) 
Low-Tox rabbit complement (Cedarlane #CL305I), reconstituted with 
ice-cold distilled water and filter-sterilized 

^r^ L . 2 !™ (HO l3 ^ : ATCC UTlB "> <* anti-Thy.u ascites 
(HU-22-1; ATCC ffflB 100; alternatively, see Table 3.4.1 for other 
anti-Thy-1 MAb and owirzu for production of ascites) 

70% Percoll solution (mms and reagents and solutions) 

t. Centrifuge the spleen cell suspension derived from single spleen down to a pellet 

The spleen cells should always be from nonp rimed animals and should be syngeneic 
to the responder T cells unless they are to be used as stimulator cells in the MLC. 

2. To the pellet, add 0.9 ml HBSS, 0.1 ml complement, and 25 ul anti-Thy-I ascites. 

If cells from, more than a single spleen are needed, the procedure should be scaled uo 
accordingly. . ■ ™ 
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The choice ofanti-Thy-l reagent to be used depends on the strain of animal from which 
the spleen was derived The great majority of commonly available mouse strains 
( except AKR) express the Thy- L 2 allele. 

3. [ncubate the mixture at 45 min in a 37°C water bath. 

4. Centrifuge 10 min in Sorvail H- 1000B rotor at -1000 rpm (200 x g\ room tempera- 
ture, and discard supernatant Resuspend pellet in HBSS and wash two more times. 

5. Count viable cells (appendix 3) and resuspend in complete RPrvfl-10 or PBS for 
inactivation as in the second support protocol, or in HBSS to prepare low-density 
accessory cells (see below). 

The T cell-depleted spleen cell population is comprised ofB cells, macrophages, and 
dendritic cells. Further enrichment of cells with enhanced accessory cell function can 
be obtained by fractionation of this population on PervolL 

6. Dilute 70% Percoll solution to 55% by mixing 23.58 ml of the 70% Percoll with 6.42 
ml HBSS. Resuspend T cell-depleted spleen cells from step 5 in HBSS at 20 x 10* 



7. Layer 3 ml cell suspension over 3 ml of 55% Percoll solution in a 15-ml conical 
centrifuge tube. 

8. Spin 13 rain in H-IOOOB rotor at 3000 rpm (1900 x g) t room temperature. 

9. Remove cells that band at the PercoUTHBSS interface with a 5-in. Pasteur pipet and 
wash 3 times in HBSS as in step 4. 

10. Count viable cells and resuspend in complete RPMI-10 for inactivation according to 
the second support protocol. 

The population obtained from steps 6 to 10 is comprised of large cells including 
macrophages, dendritic cells, and. activated B lymphocytes. This population of cells is 
enriched in accessory cell function. When used in either of the basic protocols with 
purified T responder cells, fewer of the Percoll-puriped cells should be needed to 
provide accessory function. 



There are two situations in which inhibidon of accessory or stimulator cell division should 
be blocked. When purified T cells rather than unfractionated lymphoid populations are 
used in the basic protocol, cultures are frequently supplemented with accessory cells 
syngeneic to the responder T cells. If accessory cell DNA synthesis is inhibited, qne pan 
then be certain that the resultant proliferative response is comprised entirely of responder 
T cells and does not contain a component of recruited B cell proliferation derived from 
the accessory cell populations. In the MLR, the stimulator cells are spleen cells from mice 
that differ from the responder cells in H-2 and/or Mis gene expression (see appendix /, 
Tables A. 1 C. I and A. IF. I) and they can also recognize alloantigens on the responder cells. 
This responsiveness of stimulator cells against responder cells in an MLR (so-called 
back-stimulation) must be prevented by blocking cellular division. This can be done by 
treatment of stimulator cells with mitomycin C (a DNA cross^linking reagent) or by g 
irradiation. Many investigators prefer mitomycin C treatment when antigenic differences 
encoded for by Mis genes are to be measured, or when an irradiation source is not available. 
For more information on the loci encoding Mis genes, see Tables A^ IR2 and A.IF3. 

Mitomycin C Treatment 



cells/ml. 



SUPPORT 
PROTOCOL 



BLOCKING CELLULAR DIVISION OF ACCESSORY/STIMULATOR CELLS 



Proliferative 
Assays for T Cell 
Function 



Additional Materials 

Mitomycin C (Sigma tfM-0503; store in dark) 



3.12.8 



Supplement 17 




r 



L In a 15-ml aluminum foil-wrapped tube, prepare a solution of mitomycin C in PBS 
at 0.5 mg/ml and filter sterilize. 

Since mitomycin C is very light-sensitive,- it is necessary to prepare a fresh stock 
solution each day for each experiment. 

2. Prepare spleen cell suspension as described in steps I and 2 of the basic protocol at 
a concentration of 5 x 10 7 cells/ml in PBS. 

3. Add mitomycin C to a final concentration of 50 p.g/ml (100 ul/ml of cell suspension) 
and wrap the tube in aluminum foiL Incubate 20 orin at 37°C 

4. Add an excess of complete RPMI-5 (Le.. fill tube with -12 ml) and centrifuge 10 min 
in Sorvall H-1000B rotor at 1200 rpm (300 x g). Discard supernatant and repeat 
washing procedure two more times. 

Three washes are crucial, because any traces of mitomycin C left among the cells will 
reduce proliferative responses when the cells are added to an MLC. 

5. Resuspend pellet in complete RPMMO. Count cells with hemacytometer. Adjust to 
desired concentration as described in the annotation to step 6 of the basic protocol. 

Irradiation Treatment 

Prepare a spleen cell suspension as described in steps 1 to 3 of the basic protocol, at a 
final concentration of 5-10 x 10 6 cells/ml in complete RPMI-10. Using a source of ionizing 
irradiation ( 6( to or l37 Cs ^irradiator, e.g., Gammacell 1000, Nordion), deliver 1000 to 
2000 rad of irradiation to the cells. 

This dose range of irradiation is suitable for most immunologic applications employing 
spleen cell suspensions. However, antigen presentation by different spleen cells is 
differentially affected by irradiation (Ashwell etal., 1984): at low doses (500 to 1000 rad), 
antigen-presenting function of B cells is preserved; after doses of 1 100 to 2000 rad, a 
substantial decline is observed; and doses >2000 rad abolish the participation of B ceils 
as APC. Macrophages and dendritic cells, on the other hand, maintain antigen presentation 
through doses of 3000 rad. To ensure that B cells do not participate in the responses 
measured, some investigators prefer to use doses of 2000 rad However, responsiveness 
to Mis antigens can best be measured with stimulator cells that received doses of < 1000 
rad, since B cells present Mis more effectively. Alternatively, Mis responsiveness can be 
measured after mitomycin C treatment of stimulator cells, since it also preserves the 
antigen-presentation function of B cells. 

When transformed cell lines are used as antigen-presenting or accessory cells, higher 
doses must be used to ensure blockage of cell division. The appropriate dose will have to 
be determined empirically for each cell line, bit is likely to be at least 5000 rad; some 
transformed cell lines require as much as 10,000 to 12,000 rad, and may be more sensitive 
to mitomycin C treatment 

ACTIVATION OF PRIMED T CELLS 

Proliferative responses to viruses, protein antigens, minor transplantation antigens, and 
the male H-Y antigen require in vivo immunization followed by in vitro stimulation. 
Furthermore, enhanced proliferative responses to those antigens that will generate pri- 
mary in vitro responses (i.e.; MHC antigens) can be obtained by in vivo priming. Multiple 
immunizations usually elevate in vitro responses; 

To immunize animals for in vitro secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify in complete Fieunds adjuvant (unit isj. For 
strong responses by draining lymph node cells, immunize animals in a hind footpad. For 
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strong responses by spleen cells, immunize intraperitoneally. Tail-base immunization also 
can be used as an efficient route of immunization; follow procedure for intradermal 
injection. To prime animals against cellular antigens, inject intraperitoneally with 1-5 x 
10 7 cells that express the antigen, [mmunization protocols are described in unit 

Within 2 to 3 weeks after in vivo priming, in vitro responsiveness of primed T cells can 
usually be measured. This assay is often used as a preparation for subsequent in vitro 
cloning procedures (uutruJ) and T cell hybridoma preparation (unit j./j). 

Materials 

Complete RPMIrlO medium (appendix 2) 

Responder cells: Purified T cells isolated from lymph nodes (units i. 1-3.6) of 

in vivo primed mice 
Antigen: 1 mg/ral sterile protein antigen(s) (w/r i./i), in PBS or suspension of 

irradiated or mitomycin C-treated stimulator cells expressing alioantigens 

at 8 x 10 6 cells/ml (unitim, support protocol) in complete RPMI-10 medium 

(appendix 2) 

Accessory cells: suspension of irradiated or mitomycin C-treated (or T cell- 
depleted) spleen cells syngeneic to the responding Tcells at 5 x 10 6 cells/ml 
in complete RPMl- 10 medium 

4-ml conical tubes 

96- well flat-bottom microliter plates with lids 
L Follow steps 1 to 3 of the first basic protocol for preparation of responder cells. 

2. Prepare 4-fold dilution series of the antigens in 4-ml conical tubes, using complete 
RPMI-10. ° 

The following dilutions are recommended: 100. 10, I, and 0. 1 pg/ml protein antigens 
and8,4. 2, <xnd 1x10 s cells/ml of stimulator cells in complete medium. 

3. Add antigens to 96-well flat-bottom microliter plates, at 30 pj/ well for protein 
antigens or 100 [tl/well for cellular antigens. For each experimental group, set up 
three replicate wells and include control wells with medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row of a miemtiter plate wiU cover the entire tested range. 

A. Add responder Tcells in 0.1 ml to each well 

Purified Tcells_ are recommended; otherwise extremely high background values may 
be obtained. This appears to be due in part to proliferation of recruited cells (T and 
non-T) that are not antigen-speciffctfuafractionrt node cells from recently 

primed mice are used, aJd 1-2 X I O 5 cells per weU and proved to step 6^ 

5. If purified lymph node T cells specific for protein antigens are used, add 0.1 ml of 
accessory spleen cells syngeneic to the donor of the responder Tcells at 5 x 10 s cells 
per well. 

Purified Tcells require an exogenous source of accessory non-T cells. Accessory cells 
function both as antigen-presenting cells and as a source of undefined "second 
signals." They are not required for cell preparations primed agauutceUular antigens, 
because accessory ceU function is provided by the stimulator cells. 

6. Proceed as in steps 7 to 9 of the basic protocol 

Culture periods before labeling can vary widely and kinetic assays should be per- 
formed In general, for Tcells from primed mice, it is likely that the response will peak 
at day 4 or 5. 
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Percoll solution 
Diluent; 

45 rai lOx PBS. pH 7.4 (ajppenoixz) 
3 ml 0.6 MHO 
132 ml H 2 0 
Filter sterilize 

70% Percoll solution: ' 
63 ml Percoll (Pharmacia LKB #170891-01) 
37 ml sterile diluent (above) 
Final osmolality should be 3 10 to 320 osM 



COMMENTARY 

Background Information 

Proliferative assays foe measuring T cell 
function have certain advantages and disadvan- 
tages compared to the cytotoxic T lymphocyte 
(CTL) assay described in untt jm or the 
lympholrinc production assays in units 
Advantages are that proliferative assays are 
less time-consuming, less labor-intensive, less 
cell -consuming, and less expensive than "true" 
effector Tcell function assays. A disadvantage 
is that antigen specificity is not as easily dem- 
onstrated in proliferative assays as in CTL 
assays, unless antigen-specific clones of pro- 
liferating cells are used. Furthermore, the pro- 
liferative assay only detects dividing cells in- 
stead of measuring true effectorTccll function. 

It is not clear which T cell function is mea- 
sured in proliferative assays; the proliferative 
response should therefore be used solely as 
general indicators of T cell reactivity. Data 
obtained in proliferative assays might vari- 
ously reflect proliferation of CTL, lympholc- 
ine-producing T cells, or nonactivated * 'by- 
stander" cells, and will be severely affected by 
the function of nou-T cells such as accessory 
cells (see below). Since the majority of T cells 
respond to and produce IL-2 upon activation, 
differences in responsiveness in a proliferative 
assay in part reflect differences in IL-2 produc- 
tion by the responding T cells. Proliferative 
assays therefore become more meaningful 
when combined with (jhelymphokine detection 
assays presented in unosus *<u. Since respon- 
siveness to BL-2 is also determined by the levels 
and functionality of IC-2 receptors, further in- 
formation will be added by including measure- 
ments of EL-2 receptors (untt <ii) or by flow 
cytometry (units a). Yet, as a first approxima- 
tion of cellular activation, proliferative assays 
are valuable. 



Critical Parameters 
and Troubleshooting 

Parameters affecting the raagnitudeof Tcell 
proliferative responses include cell concentra- 
tion, type of medium, source of serum, incuba- 
tor conditions (CO2 level and humidity), type 
and concentration of activating agent, type of 
responding T cells, type of accessory/ stimula- 
tor cells, mouse strain, and culture time. Opti- 
mal conditions for individual laboratories and 
experiments must be derived empirically with 
respect to these variables, but general guide- 
lines are provided below. 

A number of agents can be employed in the 
firstbasic protocol to induce Tcell proliferation 
(Table 3.1ZI). t cells may be activated by 
pharmacologic means by producing an eleva- 
tion of intracellular free calcium with a calcium 
ionophore combined with activation of protein 
kinase C with a phorbol ester. The most direct 
means of inducing T cell activation involves 
stimulation with monoclonal antibodies that 
interact with the CD3/TCR complex — i.e., 
anti-CD3, anti-TCR-o$ or -78, as well as anti- 
Vp antibodies that are capable of interacting 
with a subset of cells bearing a specific TCR. 
A vigorous T cell proliferative response of 
defined subsets can also be induced with cer- 
tain bacterial toxins known as staphylococcal 
entero toxins. These toxins are often referred to 
as "superantigens" (Marrack and Kapplcr, 
1989) because they stimulate T cells via the 
variable (V) gene segment of the TCR. Differ- 
ent toxins have affinities fordifferent Vp chains 
and these specificities make them valuable re- 
agents for activating T cells. The activating 
capacity of toxins is also dependent on their 
ability to bind to MHC class H molecules (i.e., 
responding T cells react with the toxin/class H 
complex); thus, responsiveness varies with the 
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mouse strain used. Lectins such as phytobe- 
maggtutinin (PHA) and concanavalia A (Con 
A) have been widely used for many years to 
activate T cells. Although the precise mecha- 
nism of action of these agents is unknown, it is 
likely that lectins activate T cells by indirectly 
cross-linking the TCR because TCR-negative 
cells will not respond to these agents. Lastly, it 
is also possible to induce T cell activation with 
monoclonal antibodies to cell-surface antigens 
other than the TCR; this protocol employs the 
G7 monoclonal antibody, one of the most ef- 
fective of the anti-Thy-l activators (Gunter et 
aL, 1984). 

When comparing the reactivity of different 
cell populations, it is essential to perform dose- 
response assays for responder T cells and acti- 
vating agents and for both responder and stim- 
ulator T cells (in MLR), since each population 
may yield optimal responses at different cell 
numbers. This may reflect differences in fre- 
quency of responding cells, and hence may 
indicate a need to perform limiting dilution 
assays (awrj./5). Since peak responsiveness of 
different populations of T cells may occur at 
different times, it is also essential to perform 
kinetic experimeuts---t.e., compare respon- 
siveness at days 2, 3, 4, and 5. 

Differences in responsiveness need not nec- 
essarily be due to differences in the frequency 
of responding T cells, but may also indicate 
differences in the efficacy with which co-stim- 
ulatocy activity or "second signals" arc deliv- 
ered by the accessory cells present in different 
cell populations. The type of interactions per- 
tinent to the generation of primary responses 
by T cells is explained in me commentaries of 
units j «. ul & 3.13. Specific requirements for 
inducing activation with immobilized antibod- 
ies have been described (Staerz and Sevan, 
1986; Hathcoek et aL, 1989; Jenkins et aL, 
1990). A responding cell population com- 
pletely devoid of accessory cells (sucfi as puri- 
fied populations of splenic or lymph node T 
cells or cloned T cells) will yield fine respon- 
siveness in an MLC, stnee accessory cell func- 
tion is provided by the stimulator cells; how- 
ever, the same population will generally not 
yield responses when mitogens, antigens, or 
enterotoxins are used. In such a setting, acces- 
sory cells may also function as antigen-preseat- 
ing cells (APC). Addition of ^irradiated or mi- 
tomycin C~treated syngeneic sources of acces- 
sory cells (either whole spleen cells or purified 
APC; see first support protocol) can be used to 
restore responsiveness in purified T cells. The 
need for accessory cells can sometimes be 



bypassed when anti-TCR monoclonal antibod- 
ies are coupled to plastic, or when certain anti- 
Thy-l monoclonal antibodies are used; how- 
ever, these conditions do not necessarily result 
in optimal responsiveness (Jenkins ct al., 
1990). 

The level of [ 3 H]thymidine incorporation 
should not be regarded only as a reflection of 
cellular proliferation: some nondividing cells 
will synthesize DNA and "col<T thymidine 
released by disintegrating cells will compete 
with incorporation of labeled thymidine. 
Therefore, measurements of DNA synthesis 
should be accompanied by counting viable 
cells over the length of the culture period if a 
true estimate of cellular proliferation is to be 
obtained. Of course, cell death of nonactivated 
cells will also interfere with the accuracy of this 
last parameter. 

The sensitivity of proliferation assays is 
such that small errors in cell numbers will result 
in large differences in [^thymidine incorpo- 
ration values. When values obtained in tripli- 
cate cultures correspond poorly (e.g., >5% dif- 
ference in cpra values >1000), technical prob- 
lems such as cell clumping, dilution, and 
pipetting should be considered. Excessively 
high values may be obtained from contami- 
nated wells, as pHlthymidine will be incorpo- 
rated into replicating bacteria; therefore, it is 
good practice to check the wells from microli- 
ter plates under an inverted microscope for 
contamination- Contamination may also inter- 
fere with proliferation of the activated lympho- 
cytes. 

It is also useful to check for blast formation 
by microscopic examination of the cultures: 
activated lymphocytes will tend to enlarge, and 
detection of blasts will give a general indication 
of successful activation. 

The main problem that may occur with pto- 
liferative response assays is high levels ofback- 
ground (Hi] thymidine incorporation in control 
cultures without antigens. This problem is fre- 
quently due to the fetal calf serum (PCS) used 
to supplement the cultures, which may be au- 
togenic for B cells. Different lots ofFCS should 
be screened to select those that are nonstimula- 
tory or only weakly stimulatory in the absence 
of other stimuli, and that support strong prolif- 
erative responses upon antigenic stimulation of 
T cells. 

If flat-bottom microliter plates are used in 
the procedure and weak responses occur, it 
may be useful to switch to round -bottom 
plates. Our laboratory has found consistently 
better responses in round -bottom plates when 
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thymocytes arc used as respouder cells or 
with slight aUoanti gen ic d ifterences between 
responding and stimulating cells. In addition, 
antibody-mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects better cell contact obtained 
in such plates; optimal responses will almost 
certainly occur at different cell numbers than 
in flat-bottom plates and densities will have 
to be adjusted accordingly. 

Although satisfactory responses to most al~ 
lo antigens can be obtained with complete 
RPMI-IO medium, it may be necessary to com- 
pare different media. This need arises when the 
proliferative responses are weak (Le.. when 
pHJthymidine values for activated cultures are 
< 10-fold higher man those for control cultures) 
and may occur under various drcumstances: 
weak aUoantigenic differences between re- 
sponder and stimulator cells, weak T cell pro- 
liferative function in the responder cells or 
diminished APC function in the stimulator cells 
due to experimental manipulations, or a low 
precursor frequency of responding T cells. 
Thymocytes in particular do not contain a high 
level of responding T cells, frequently, prolif- 
eration can be improved when complete Clicks 
or Dulbeccos media are used (with additives as 
described in ap rEKoa 2), presumably because 
these media contain additional nutrients and 
have an osmolality more compatible with 
mouse serum than RPML 

When RPMI is used as medium, 5% CO2 
will be sufficient, but for other media, a 7-5% 
CO2 concentration in the incubator will be 
more satisfactory. Generally, the buffering ca- 
pacity of DMEM is insufficient at 5%, but fine 
at 7.5%. Much will also depend on the prolif- 
erative activity of the responding population of 
T cells (e.g.» vigorous proliferation will reduce 
the pH ui (he cultures); it is therefore recom- 
mended to compare responsiveness in initial 
pilot experiments in incubators set at different 
C0 2 concentrations. 

The culture period required for stimula- 
tion — after which the cells arc to be labeled — 
varies for different laboratories, media, and 
types of responding and stimulator cells. Con- 
ditions eliciting weak responses, such as those 
obtained with thymocytes or a weak aUoantige- 
nic difference, will requite a longer culture 
period (5 to 6 days) than those which elicit a 
higher frequency of responding T cells (3 to 4 
days). Because laboratory conditions vary, it 
will be necessary to run a kinetic assay to 
determine the optimal time for T cell prolifer- 



ation. Addition of fHl thymidine on days 2, 3, 
4, 5, and 6 will provide a useful test; further 
extension of the culture period will not yield 
any improvements, due to exhaustion of nutri- 
ents in the medium. 

Anticipated Results 

For proliferative assays described in the 
basic protocol, which activate the majority of 
the responding T cells, responses of 100,000 
cpm should be obtained; in the MLR or follow- 
ing activation with monoclonal antibodies to 
subpopulations of T cells (anti-Vp), responses 
up to 100,000 cpm may be observed; however, 
measurements of 20,000 cpm (with tight stan- 
dard errors) can be quite satisfactory. Back- 
ground values of < 1000 cpm should be ex- 
pected. Reported results (as described in step 
9a) should be mean cpm of experimental welts 
minus background cpm (A cpm). 

Time Considerations 

The time required to set up proliferative 
assays is not more than a day, with the number 
of hours depending on the number of different 
groups of respondercells that must be prepared. 
The time required for incubation of cells ranges 
from 2 to 6 days, as noted above in critical 
parameters. Following an additional 18- to 24- 
hr incubation period for pulsing, harvesting the 
cells and measuring cpm will require several 
hours depending on the number of plates (—15 
min for harvesting each plate and -100 min for 
counting each plate at I min/sample). 
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Dendritic cells are allowing scientists to overcome a 
longstanding obstacle to research in immunology by extending 
the playing field beyond antigens to immunogens and beyond 
models to pathogens that cause disease. 




The Dendritic Cell 

New Focus For 
Immune-Based Therapies 



e: 



I by Ralph Af. Steintnan 



The focus of immune therapeutics 
has been on lymphocytes, the 
cellular mediator of immunity, 
and ihe suppression of lymphocyte 
I function. The drug ciclosporfn (cyclo- 
J sporme) is an excellent and successful 
example. However, medicine needs 
, therapies (hat enhance immunity or 
J resistance to infectious and tumors. 
'Medicine also needs strategies, 
whether suppressive or enhancing, that 
J arc specific to the disease-causing 
■ stimulus or antigen. In contrast to lym- 
phocytes, dendritic cells (DCs) provide 
• a much cariier and antigen -speci fic 
J means tor manipulating the immune 
response. DCs capture antigens and 
then initiate and control the activities 
| of lymphocytes, including the develop- 
J menl of resistance to infections and 
tumors (iwiewcd in references 1-3). 



Summary ■- - ■ 

Deridritic cells (DCs) provide a much earlier and antigen -specific means for 
manipulating the immune response. The best-studied function of DCs is to con- 
vert antigens into immunogens for T cells. The "DC advantage" entails a myriad 
of functions. DCs are more than antigen-presenting ceils; they are accessories 
or adjuvants or catalysts for triggering and controlling immunity. Another special 
feature of DCs is their location and movement in the body; DCs are stationed at 
surfaces where antigens gain access to the body. The events that make up the 
fife history of OCs are now being unraveled in molecular terms. As research on 
PCs expands, more potential functions and more sites for their manipulation are 
becoming apparent, e mo Phws Soeooe. ah rights reseived. 



The controlling role of DCs is best 
known for thymus -dependent lympho- 
cytes or T cells which arc important in 
many diseases, the most poignant 
being the AIDS epidemic (Table I)] 
DCs were identified in a few laborato- 
ries that were focusing on Ihe induction 
of immunity from resting T cells. It 
was noted that immune tissues (spleen, 
lymph nodes, lymph, blood) had a 
small fraction of cells with unusual 



"tree-like" or "dendritic" rjroccsses. 
Hiese distinctive cells had not l»cen 
recognized previously and they proved 
to have distinct functions. Most impor- 
tantly, DCs were potent inducers of 
immunity even in animals, not just the 
(est tube, and now even in patients 
(reviewed in references 1-3). 

The DC field was lield back by the 
tact tf laf there wae so few cells relative 
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TABLE !: HUMAN DISEASES THAT INVOLVE T CELLS 



« Rejection of organ transplants and graft-vs -host disease in bone marrow transplantation 

• Resistance to many infections inctudtng vaccine design 

« Vaccines against tumors and immune therapies for existing tumors 

• Allergy 

• AIOS 

• Autoimmune diseases like insulin-dependent (juvenile) diabetes, multiple sclerosis, 
rheumatoid arthritis and psoriasis 



Antigen 



T-cefl response 



Antigen 



dendritic cells 



T-cefl response 



Fig. |. A key function of dendritic cells. Antigens vttitvn tumors, transplants and infectious 
agents need to be presented by DCs to become immunogerts, i.e., to make T cells begin to 
grow and exhibit their helper and kilter functions. 



-to other players in the immune system 
such as B cells. T cells acid 
macrophages, fn reality, DCs are quite 
abundant for the job they have to do, 
namely, to initiate immune responses 
from antigen -specific T cells. In 
immune system organs like lymph 
nodes. DCs form an extensive network 
throughout the T cell-rich regions and 
physically outnumber any given anti- 
gen -rcacti ve T eel I by at least 1 00 to I . 
The DC field was also held back 
because many thought that die cells 
were no different from macrophages, 
thus keeping investigators From work- 
ing on the active DCs. fn reality, DCs 
were identified on the basis of pro- 
found differences from macrophages, 
and their many distinct properties and 
functions were only uncovered by sep- 
arating DCs from macrophages. 

The best-studied function of DCs is 
to convert antigens into immunogens 
for T cells. The antigen receptors on T 
cells do not focus on intact proteins in 
microbes and tumors, but instead rec- 
ognize fragmented or processed pro- 
teins, that is, peptides. The processing 
of protein antigens into peptides occurs 
within cells, and then the peptides are 



displayed or presented at the cell sur- 
face affixed to products of the major 
histocompatibility complex (MHC). 
The ensuing interaction between a T- 
cell receptor (TCR)' and its specific 
MHC-peptidc complex allows a T cell 
to detect peptides formed within cells 
in iransplants, tumors, sites of infection 
and self tissues attacked during 
autoimmune disease (Table I). 
** Antigens" refers to specific sub- 
stances recognized by the immune sys- 
tem, while * t immuno i gens* ,, refers to 
antigens that effectively induce 
responses either by themselves or 
together with enhancing materials 
called "adjuvants/' For T cells in par- 
ticular, antigens and immunogens arc 
not one and the same (Fig. I ). Even 
prcproccssed peptides and MHC-pcp- 
tide complexes arc weak immunogens. 
This was evident early on in the work 
of Peter Medawar. the great scientist 
who discovered the immune basis of 
transplantation. He spent many years 
trying to purify functioning transplan- 
tation antigens- These efforts were to 
little avail. 

What was not known in Medawars 
time is that transplantation antigens 



(later shown to be MHC-pcptidc com- 
plexes) become immunogenic when 
presented by DCs." In other words, 
transplantation antigens when present- 
ed on many cell types arc weak 
immunogens, but on DCs diey become . 
powerful inducers of immunity. 4 The I 
same is true of peptides that become * 
much more immunogenic when pre- 
sented on DCs. DCs activate T cells by 
getting them to divide and express their 
helper and killer functions. Then the 
activated T cells interact with other 
antigen-presenting cells to eliminate 
the antigen in question.. DCs are also 
called "nature's adjuvant," because 
prior adjuvants were aitificial sub- 
stances used to enhance immunity. The 
DC advantage entails a myriad of func- 
tions, some of which will be consid- 
ered below. 

Potency of dendritic cells 
in initiating immunity 
in tissue culture 

What are some specific features of 
DCs that warrant attention? The first is 
their potency. Very small numbers of 
DCs are sufficient to trigger strong T- 
eclf responses in test tubes. Immune 
assays are generally carried out with 
impure antigen-presenting cells „ 
applied at a dose of one presenting cell 
for every T cell, the latter often prcac- 
tivated. In contrast, roughly one DC 
per 30- fOO'T cells is more than suffi- 
cient to induce optimal responses, 
including responses by resting T cells. 
A single DC can simultaneously acti- 
vate 10-10 T cells nestled within its 
sheet-like processes. Therefore, DCs 
arc mote than antigen-presenting cells; 
diey are accessories or adjuvants 
catalysts for triggering and controlling 
immunity. 

It has always been clear that the 
accessory function of DCs did not 
depend exclusi vely on their capacity to 
process antigens to form MHG-pcri- 
udc complexes. This is because the 
stimuli that were used to define the 
potency and immune-activating arte of 
DCs did not require that the IKN 
process an applied antigen. Such stim- 
uli included major transplantation Jiuti 
gens, mitogens, contact allergens, ami- 



5*2 



l>ni£ News I'erspcet I LHKIK December 2« W 



com 




«vhen 


itirds 








weak 


^>UK 




Th< 


pi 


. come 




prc- 


flsb> 




tiieii 




n (he 


. cHhci 




imate 


■i 


: also 


■ " 9 


caasc 


* sub- 




'.The 




. func- 


tnstd- 


M 


• 

res of 




irst is 




5TS of 




<tgX- 




mune 




' wi(h 




cells. 




igcell 


areac- 




e DC 




suffi- 




ces, 




cells. 


M 


i acti-l 




iin its 


. UUs 




. cells; 


m 


nts or 






at (he 




A notl 




city(o| 




.-pep- 


sc-thc^ 




le-cbcl 


M 






MX* 


i slim- 1 




n<mti-J| 

kanii- *; 


^^ll 

« 



* T-cell antibodies and supcrantigens. 
FurthcrnKire, once resting T cells were 
■ activated by DCs, the T cells respond- 
| ed 'vigorously to antigens presented by 
other cell types, showing that the latter 

I were not deficient in forming legands 
for the antigen receptor on T cells, but 
instead lacked accessory properties. 

I The word "accessory" has since 
been replaced by (he terms "profes- 
skmar and "'co-stimulatory," but the 

I basic concept is unchanged by shifting 
terminology. T cells need stimuli other 
dian their specific trigger or ligand 
(M[fC-peptide complexes) to begin to 

(grow and function, for example, to pro- 
duce the intcrlcukins and killer mole- 
cules mentioned above. DCs are potent 

!in providing the needed accessory or 
co-stimulatory functions. For example, 
DCs produce an adhesion molecule 
called DC-SIGN that binds to a target 
I on resting T cells called 1CAM-3, 5 and 
1 DCs express very high levels of a stim- 
ulatory molecule called CD86 that 
f binds to CD2S on resting T cells/' 
I These are but two examples of the spe- 
cialized activities of DCs, These cells 
^ do not operate as a single magic bullet. 

Position of dendritic cells 
in vivo 

I Another special feature of DCs is 
I their location and movement in the 
body. As criteria were developed to 
identify DCs, it became feasible to go 
I back into the animal and patient to look 
" for the conespoadtng ceils in different 
tissues. DCs are stationed at surfaces 

[where antigens gain access to the body 
<Rg. 2, left) The skin and the airway 
have been the best studied. DCs arc 
[ f<K,nd «n afferent lymphatic vessels, 
jspecial channels that allow cells to 
move from peripheral tissues to lym- 
plioid organs, primarily theTHcell areas 
( R £ 2 - midd,e «*1 right). This migra- 
tion is most readily observed in models 
of skin transplantation and contact 
allergy, which are the two most power- 
ful immune responses known. 

DC migration is likely to be very 
important. The body's pool of T cells 
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through tissues where antigens are usu- 
ally deposited. So when DCs capture 
antigens in the skin, airway or another 
peripheral tissue, their migration to the 
T-cell areas gives thern a chance to 
select the corresponding rare speciilc T 
cells from the assembled repertoire 
(Fig. 2). The selected T cells then 
increase in numbers (clonal expansion) 
and function, enabling the specific 
immune response to begin. The initial 
frequency of T cells that recognize an 
antigen is very small. Only one in 
10,000-100,000 of Tcells in the reper- 
toire responds to a specific MHC-pep- 
tide complex^Tliercforc, it is so precise 
and efficient for DCs to be able to pick 
up an antigen in me periphery and then 
initiate (he immune response: from rare 
T-cell clones in lymphoid organs. 

The events that make up the life 
history of DCs (Figs. 2 and 3) are now 
being unraveled in molecular terms. 
For example, scientists arc figuring out 
how to expand antigen -capturing pre- 
cursors to DCs ustng (1(3 ligand and 
granulocyte colony-stimulating factor 
(G-CSFK Key players for the mobi 
(ization of DCs from ll*c periphery to 
lymph nodes are the multidrug resis- 
tance receptors.* usually studied for 
their capacity to mediate instance to 
cheflKrthaapetrtic agents rather than 
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movement of DCs. Migration of DCs- 
is controlled by chemokines produced 
in the lymphatic vessels and lymphoid 
organs (Fig. 2). These act on DC 
chemokine receptors to orchestrate 
their movement to the T-cell areas. 
Then within the lymphoid tissue, sev- 
eral members of the tumor necrosis 
factor (TNF) and TNF-receptor fami- 
lies, such as TRANCE and CD40 lig- 
and, trigger DC production of 
cytokines like intcrleukin- 1 2. The TNF 
family also maintains DC viability. 
Otherwise the cells die within a day or 
two. Each of these components of DC 
function provides targets for manipu- 
lating, immunity. 

Priming of T-cell immunity 
via dendritic cells 

Animal studies 

During the early research on DCs, 
several labs administered antigens to 
experimental animals and then tried to 
identify the cells that had captured the 
antigens in a form that was immuno- 
genic. Regardless of the route of anti- 
gen administration (blood, muscle, 
skiu. intestine and airway), DCs were 
the major reservoir of immunogen. 
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Rq 3 The We history ol dendritic cells. DCs arise from proliferating progenitors, primarily m the bone marrow, and this can be d™enhy 
cytokines Cke tft-3 ligand and G-CSF. Precursors are formed, such as the monocytes in blood, which then gwe nse to immature DCs. Tte\ 
^mature OCs are enable of producing large amounts of antigen-presenting MHC products and capturing antigens. Mutt«drug resistance 
receptors are r^y^gnized players in the mobilization of immalure DCs. OCs mature in cesponseto var«>us s^rnuh such as «***on 
affirmation, andm^rate under the influence of cnemokines to the lymphoid tissues. There the OCs die within a day unless their «e-| 
span is prolonged by TNF-family rrwtecxrfes expressed by the activated T ^ 



Next, DCs were used as nature's 
adjuvant to immunize animals. The 
DCs were taken from mice or rats, 
exposed to antigens eJc vivo and inject- 
ed back into immunologically naive 
recipients. The animals became immu- 
nized to the antigens that had been cap- 
tured by the DCs. and the immuniza- 
tion took place in the lymph nodes 
draining the site of DC injection. 
Genetic proof was provided that the 
DCs were priming the animardircctly 
and not simply banding off their anti- 
gen to other cells. 7 * 8 

DC-based immunization Is really 
very different from all prior attempts at 
cell therapy. Immunology has had 
extensive experience with "passive 
immunization," whereby a recipient is 
given large numbers of cells that are 
activated prior to injection. It is hard to 
produce such large numbers of celts, 
and their lifespan, diversity and effica- 
cy axe ail finite, in contrast, when rcla* 
tively small numbers of antigen - 
charged DCs are used to induce 
immunity this produces "active immu- 
nization/* Now the animals (and 
patients, see below) can make their 
own diverse and longer lasting 
immune response to the antigen-bear- 
ing DCs, 

Human studies 

The above expert tneots made it 
dear that DCs, pulsed ex vivo widt 
antigens, actively immunized animals 
and raised the exciting possibility that 
scientists would be able to induce resis- 
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Fig. 4, The use of dendritic cells as adjuvants for enhancing immunity to tumors and infec- MM 
tious agents in humans. This new form of immune therapy begins with the isolation o( OCpR 
precursors from the patient, usually from Wood. The precursors develop ox wo (in relative- 
ly simple tissue culture systems) Into targe numbers of more mature DCs. Dunng this time, 
flhe OCs are charged with antigens from the tumor or infection. Then the OCs are remf used 
to eficit immunity and thereby resistance to the disease. pp 



tance to tumors, infections and trans- 
plants in patients,. For example, could 
one expose patients* OCs ex ww* to 
antigens in their tumors and then rein- 
fuse the antigen-bearing DCs to elicit 
tujnor-spccific immunity (Fig. 4)? This 
aprjroach is actually not terribly com- 
plicated, but one first had to overcome 
a major obstacle and learn to generate 
large numbers of DCs. These tech- 
niques became available in the 1990s. 
They have energized the field and, 
accordingly, clinical trials for the 
immunization of humans against can- 
cer have begun on most continents. 



It is evident that DCs can serve as Jl 
adjuvants for humans, converting anti- 
gens into immunogens.*; 10 Even in^ 
advanced cancer, immune responses flj 
already have been observed dial arc™ 
similar to or better than immune 
responses obtained with other M 
approaches. However, this approach is P 
still in its preliminary stages, since a 
good deal of science remains to be ^ 
developed. On the one hand, there arc J[ 
critical unknowns in terms of overall 
DC biology. Many of the clinical stud- 
ies to date, for example, have over- ■ 
looked key features that could improve ■ 
DC function, such as tlie need for DCs 
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to he sufficiently mature (sec below) to 
be effective in vivo. Also, DC biology 
has to be placed in the context of spe- 
cific minors and pathogens and 
patients for DC-based therapies to be 
optimized. 

To summarize and further illustrate 
the role of DCs in the context of human 
disease (Table I), consider the need to 
harness T cells to resist tumors and 
chronic infections. Protein antigens 
often arc known for a tumor-like 
melanoma, or for a virus like HI V I 
whose genetic sequence has been 
available for more than 15 years. 
However, this knowledge about anti- 
gens from melanoma and HIV- 1 anti- 
gens remains to be converted into 
methods thai provide better immuno- 
gens either for immune therapy of 
melanoma or for the design of HIV- 1 
vaccines. This is because some impor- 
tant facts of immunological life arc 
being overlooked. When antigens are 
injected, they also need to gain access 
to the right DCs to become immuno- 
gens (Fig. I). 

Delivering antigens 
to dendritic cells 

Broadly speaking, a central goal is 
to learn how to deliver or ^target" anti- 
gens to DCs and simultaneously to dif- 
ferentiate or "mature" the cells to their 
most potent stale. These two chal- 
lenges, antigen targeting and DC mat- 
uration, prove to be intertwined. 



Targeting means that the antigen 
should be in a form that the DCs caa 
recognize. Without such recognitioru 
the uptake and subsequent rHTXxssing 
of antigen to form MHC^ptidecom- 
[ plexes is suboptimal. DCs have a num- 
ber of special mechanisms for captur- 
ing antigens and converting these into 
MHC-peptide complexes (Table II). 
H For example, DCs have a receptor 
called DEC-205 whose binding part- 
ners or ligands are still unknown. 
Nonetheless, it is clear that DEC-205 
greatly increases the capacity of DCs 
to form MHG-pcptide complexes/ 1 
DCs also carry out a fascinating 
process called "cross-presentation." 
DCs can take up dying cells and effi- 
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TABLE II: DENOfllTlC CELL SP6CIAUZATION TO INCREASE MHC-PEPTIOE 
COMPLEX FORMATION 

• Receptors for antigen uptake, e.g.. DEC-205 

• Processing oi dying cells, noo replicating microbes and immune complexes onto MHC class 
I ("cross -presentation-) 

« Regulation of antigen processing by maturation stimuli 

« Clustering of T-ceM receptor figands with co-stimulators like CO86 



ciently extract neptides from them, so 
antigens "cross" from the dying cell to 
the DC- The discoverers of this phe- 
nomenon called it ^resurrecting the 
dead/ M - Cross-presentation allows 
DCs to efficiently form MHC-peptide 
complexes from dead cells in tumors, 
transplants and tissues under autoim- 
mune attack. 

Special uptake and processing 
mechanisms allow DCs to tailor a pro- 
tein antigen, as well as the proteins in 
a complex microbe or tumor cell, into 
neptides that bind to an individual's 
MHC products. The latter are excep- 
tionally pt^lymorphic, differing geneti- 
cally from one individual to another. 
As a result, the relevant immunizing 
peptides differ from one individual to 
another. One reason why peptides are 
not ideal immunogeus is that they must 
be individualized. DCs, in contrast, can 
capture antigens with high efficiency 
and likewise extract peptides that ace 
relevant for any individual. 

A second DC advantage is tfiat 
these cells have the many required 
accessory or co-stimulatory, properties 
for converting the selected peptides 
("antigens") into effective tmmuno- 
gens, A third DC advantage is that 
these cells position themselves in a 
way that leads to the identification of 
rare antigen-reactive T lymphocytes 6i 
ww (Fig. 2). QCs thus overcome many 
of die difficult obstacles in initiating 
immunity 

In order for an antigen to be a 
strong immunogen, one r^ecds to pro- 
vide a stimulus for the final differenti- 
ation or maturation of the DCs (Fig. 3). 
Most DCs in the body arc in an imma- 
ture state and lack many features that 
lead to a strong T-cell response. 



Immature DCs, for example, lack the 
CD86 and CD40 molecules that great- 
ly boost the DC-T cell interaction, 
fminaturc DCs also lack a chemokinc 
receptor called CGR7 that seems very 
important for proper migration and 
homing to lymph nodes tq start immu- 
nity. For cancer immunology, it is 
unlikely that tumors provide matura- 
tion stimuli. Tumors may even block 
DC maturation induced by other stim- 
uli. Therefore it is important to learn 
iiow to deliver tumor cells to DCs and 
bypass the normal obstacles to effec- 
tive antitumor immunity. 

Surprising recent evidence actually 
links DC maturation to the efficient 
formation of MHC-peptide complexes 
or TCR ligands (Table It). Immature 
DCs take up antigens, but they do not 
make abundant MHC-peptide com- 
plexes until they receive a maturation 
stimulus. 13 ' 14 Maturation also up-regu- 
lates CD86 co-stimulators, hut the 
CD86 actually travels toged>er with the 
TCR ligands to the surface of the DCs. 
At the DC surface, the MHC molecules 
and CD86 remain clustered with each 
other, keeping the machinery forT-cell 
activation ju*tarKised. This phenome- 
non will help explain the potency of 
PCs, because TCR ligands and co- 
stimulators are displayed together on 
the cell surface and in high levels. 

Control points beyond 
antigen targeting and 
maturation of DCs 

Research on DCs is moving more 
vigorously, because the cells are more 
readily available and because their role 
in the immune system is considered 
essential. Nonetheless, researchers in 
this field are just l>eginning to find 
ways to manipulate DCs in sua. 
Putting together an antigen that targets 
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to DCs with a stimulus for DC matura- 
tion will be a major step in improving 
the conversion of antigens into 
immunogens, as in immune-based 
therapies against tumors and infectious 
agents. 

Additional challenges and ques- 
tions are evident: 

• How can DC numbers be increased 
in situ and how can active DCs be 
mobilized to a cancer or site of 
chronic infection? 

• Can DCs induce strong immune 
memory to make vaccination long 
lasting and effective (we have only . 
been reviewing the role of DCs in the 
initiation of immunity)? 

• Can DCs change the quality of the 
immune response? ^'Quality" refers 
to recent evidence for different types 
of DCs, especially a subset that 
induces Thl-type T cells foe resis- 
tance to infectious agents and strong 
memory. 

• Is it possible to move beyond DC- 
based immunization experiments 
and use DCs to either regulate or 
tolerize the immune system, as fre- 
quently required in transplantation 
and autoimmune diseases? 

• Can DCs influence elements of the 
immune system other than T cells; 
for example, B cells and the innate 
defenses provided by natural -killer 
(NK) and NK-T ceils? 

The answer to all these questions is 
a preliminary "yes/* As research on 
DCs expands, more potential functions 
and more sites for their manipulation 
are becoming apparent. 

Dendritic cells and better 
control of disease 

DCs provide important avenues for 
the investigation of human disease. 
Many labs are exploiting DCs to iden- 
tify antigens relevant for immunity 
against human pathogens. In these 
experiments, one introduces complex 
but dirttcally important antigens to 
DCs and then identifies which compo- 
nenls are best presented to the immune 
system. We have recently used this 
approach to identify previously un- 



known immune responses to the 
Epstein -Barr virus. 15 a virus we all 
carry that has the potential to cause 
cancer like Hodgkin\s lymphoma. 
Other laboratories have been using 
DCs to identify new antigens in other 
infectious agents, in transplants and in 
cancers like melanoma. 

Investigators are also manipulating 
DCs ex vivo and then reinfusing the 
cells to identify conditions leading to 
strong immunity in patients (Fig. 4). In 
particular, DC-mediated active immu- 
nization against cancer is being vigor- 
ously pursued, as mentioned above. 
Instead of manipulati ng DCs ex viva, a 
more desirable goal would be able to 
alter DCs directly in situ. Some 
approaches arc under way. An example 
Is the injection of cytokines like fU3 
ligand and G-CSF to mobilize various 
precursor populations of DCs. One 
should also develop methods to control 
DC mobilir^ition, migration and matu- 
ration. In sum, DCs arc allowing: sci- 
entists to overcome a longstanding 
obstacle to research in immunology by 
extending the playing field beyond 
antigens to immunogens and beyond 
models to pathogens that cause dis- 
ease. 
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ABSTRACT Cytotoxic lymphocyte maturation factor 
(CLMF) is a dlsulGde-bonded hcterodimertc lymphcklne that 
(/) acts as a growth factor for activated T cells ^dependent of 
luterleukia 2 and (ti) synergbes with raboptimal concentra- 
tions of uterleulda 2 to induce I yrapbakine activated killer 
cells. We now report the dotting nod expression of both human 
CLMF subunit cDNAs from a lyutphoblastoki B-ceU line, 
NC-37. The two subuutts represent two distinct and unrelated 
gene products whose tnRNAs are coordinate!/ induced upon 
activation of NC-37 cells, Coexpressioa of the two sutxmtt 
cDNAs in COS cells is accessary for the secretion of biologically 
active CLMF; COS cells transacted with either subunit cDNA 
alooe do not secrete bioactive CLMF. Recombinant CLMF 
expressed in mammalian ceHs displays biologic activities es- 
sentially identical to natural CLMF, and its activities can be 
neutralized by monoclonal antibodies prepared against natural 
CLMF. Since this heteroduueric protein displays the properties 
of an interlcukin, we propose that CLMF be given (he desig- 
nation Interlcukin 12. 

The molecular cloning and expression of recombinant cyto- 
kines has made possible both significant advances in our 
understanding of the molecular basis of immune responses 
and the development of new approaches to the treatment of 
disease slates. As an example, recombinant interlcukin 2 
(recombinant IL-2) has been shown to be capable of causing 
regression of established tumors in both experimental ani- 
mals (1) and in man (2); however, its clinical use has been 
associated with significant toxicity (2). One potential ap^ 
proach to improving the imerapeutic utility of recombinant 
cytokines is to use them in combination (3, vVtth this 
concept in mind, we initiated a search for novel cytokines 
tfiat would synergize with suboptimal concentrations of re- 
combinant IL-2 to activate cytotoxic lymphocytes in vitro 
and thus might have synergistic immutioetihancing effects 
when administered together with recombinant IL-2 la vivo. 
This led to the identification of a factor, designated cytotoxic 
lymphocyte maturation factor (CLMF). that synergized with 
recombinant IL-2 to facilitate the generation of both cytolytic 
T lymphocytes (CTLs) and lymphokmc-activalcd killer 
(LAK) cells in vitro (5, 6). CLMF was subsequently purified 
to homogeneity from a human (ymphoblastoid B-cdl line 
(NC-37) and was shown to be a 75-kDa disulfide-boodcd 
heterodimer composed of two subunits with molecular 
masses of 40 kDa and 35 kDa (7).* We now report the 
molecular cloning and expression of CLMF. 
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MATERIALS AND METHODS 

cDNA Cloning. A subline of NC-37 cells selected for its 
ability to produce high levels of CLMF (7), NC-37.98, was 
induced with phorbol 12-myristate 13 -acetate (PMA) and 
calcium iooophore A23187 for 16 nr. Poly(A) + RNA was 
isolated, and random hexamer-primed cDNA libraries were 
established in phage AgtlO by standard procedures. Mixed- 
primer polymerase chain reaction (PGR) using controlled 
ramp times (8) was performed as follows. PCR primers 
contained all possible codons and were 14 or 15 nucleotides 
long (Fig. I) with a 5' extension of 9 nucleotides containing 
an EcoRl site for subcloning. Degeneracies varied from 1 in 
32 to I in 4096; 0.5-4 pmol per permutation of forward and 
reverse primer was used in a 50- Co 100-/d PCR mixture with 
40 ng of cDN A made from NC-37.98 cells that had been 
activated by culture with 10 ng of PMA and 25 ng of calcium 
iooophore A23187 per ml for 16 hr (40-fcDa subunit) or with 
3 fig of human genomic DN A (35-lcDa subunit). PCR cycling 
parameters were as follows. Initial denaturation was at 95*C 
for 7 min. Low-stringency annealing was. performed by 
cooling to 37^ over 2 min, incubating 2 rain at 37*G,> heating 
to 7TC over 2.5 min, extending at 72°C for 1,5 rain, heating 
to 95*C over I min. and denaturing at 95"C for I min. This 
cycle was repeated once. Thirty standard cycles (40-kDa 
subunit) or 40 standard cycles (35-kDa subunit) were per- 
formed as follows: 95"C for 1 min, 55X: for 2 min. and 72^ 
for 2 min. Final extension was at 72X for 10 min* «\Ampli- 
cons 4, of the expected size were gel-purified, subcloned, and 
sequenced. The 404cDa subunit cDNAs were isolated by 
hybridizing the 54-mer amplicoa to 5x SSC (IX SSC 0,15 
M NaQ/0.015 M sodium citrate, pH 7) containing 20% 
formamide at 37C overnight Filters were washed in 2 x SSC 
at 42°C for 30 mur and exposed to x-ray film. Tft< }5-kba 
subunit cDNAs were isolated by hybridizing the 5l-mcr 
amplicoa in 5* SSC/20% formamide at 37X>overtught- The 
filters were washed in 2x SSC at 40°C for 30 min and exposed 
to x-ray film. Positive clones were plaque-purified, their 
inserts were, stibcloned into the pBluescript plasmid, and 
their sequences were determined by using Sequeoasc.' 

Expression. cDNAs Were separately engineered for expres- 
sion in vectors containing the simian virus 40 early promotbr 
essentially as described (9). COS cells were transfected with 
both CLMF subunit expression plasmids mixed together or 



Abbreviations; CLMF, cytotoxic lymphocyte maturation (actor, 
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L MCPARSLLLV ATLVIXDHLS IARNLPVATP DPCMFPCLHH SQNLLRAVSN 

51 MLQKARQTLE FYPCTSEEID HEDITKDKTS TVEACLPLEL TKNESCLNSR 

10L ETSFITNGSC LASRKTSFMM ALCLSSIYED LKKYQVEFKT HKAKLLMDPK 

151 RQtFLDQNML AVIDELMQAL NFNSETVPQK SSLEEPDFYK TKIKJXILLH 

201 AFRIRAVTID RVTSYXNAS 



> < 

I HCHQQLVtSW FSLVFLASPL VAIWEUCKDV YWELDWYPO APGEMWLTC 

51 DTPEEDGITW TLDQSSEVLG SCKTLTIQVK EFCDAGQ^TC HKGCEVLSHS 

101 LLLLHKKEDG ItfSTDILKDQ KEPKNKTFLR CEAKNYSGRF TCWLTTIST 

151 DLTF3V1CSSR GSSDPQGVTC CAATLSAERV RGONKEYEYS VEGQEDSACP 

. 201 AAEESLPIEV MVDAVHKLKY ENYTSSFFIR DIIKJPDPPKN LQUCPLKNSR 

251 QVEVSVEYPO TWSTPHSYFS LTFCVQVQGK SKREKKDRVF TDKTSATVIC 

301 RKKASISVRA QDRYYSSSWS EWASVPCS 



Fl<3. l< Amino acid sequences of Che 3S-kDa (t/pper) and 4<McDa {Low<r) CLM F sabunits as deduced from the respecti ve cON As and shown 
in siagk-JcWer code. Signal peptides arc overUocd, cysteine residues are marked by a caret, and N -linked glycosytation sites (NXS, NXT, where 
X is another amino acid) arc underlined. The peptide sequences used to generate PCR probes are ovedined with arrows indicating the direction 
of amplification. 



with each one separately by the DEAE-dextran method. 
Twenty^four hours after transfectiori, the serum-containing 
medium was replaced with medium containing 1% Nutri- 
doma-SP (Boehringcr Mannheim), and supernatant fluids 
were collected from the cultures after 40 hr. These fluids were 
stored at 4X1 until tested in the bioassays. 

.General Methods. Standard .molecular biological proce- 
dures were used as described (10). CLMF bioassays were 
performed as detailed (7). 

Computer Searches. The National Biomedical Research 
Foundation protein data base (Release 26.0) as well as the 
Ocnbank and European Molecular Biology Laboratory da- 
tabases (Releases 65.0 and 24.0, respectively) were searched 
for sequences homologous to CLMF cDNAs. The two sub- 
unit sequences were compared to each other using the ALIGN 
program (mutation data matrix, break penalty of 6; sec ref. 



RESULTS 

Partial N-terminal amino acid sequences of the two CLMF 
subunits (7) were used to generate cocnpletely defined 51- to 
54-base-pair (bpHocig oligonucleotide probes by means of 
mixed primer PCR. These probes were u sed to screen cON A 
libraries made from RN A from activated NC-37,98 cells, and 
cDNAs encoding the two summits were isolated and char- 
acterized. Both cDNAs encode secreted proteins with a 
classical hydrophobic N -terminal signal peptide immediately 
fo&owcd by the W terminus of the mature protein as deter- 
mined by protein sequencing (7). Two independent cDNA 
clones for the 40-fcDa subunit were shown to be identical. 
Both encode the mature 40-kDa subunit that is composed of 
306 amino acids (calculated M c « 34,699) and contains 10 
cysteine residues and four potential N -linked glycosylate 
sftcs (Hg. 1). Two of these sites arc within isolated tryptic 
peptides dedved from the purified 40-kDa CLM? subunit 
protein! Amino acid sequence analysis has shown that Asn- 



222 is glycosylated, whereas Asn-125 is not (Fig- I; F. 
Podlaski, personal communication). The mature 35-lcDa sub- 
unit is composed of 197 amino acids (calculated A/ r - 22,513), 
with 7 cysteine residues and three potential N -linked gl yco- 
sylatiofl sites (Pig. 1). When purified CLMF is reduced with 
2-mercaptoethanol and analyzed by SDS/PAGE, the 35-kDa 
subunit appears to be heterogeneous, suggesting that it may 
be heavily glycosylated (7). Two variants of 35-kDa subu nit- 
encoding cDNAs were isolated. The first type had the 
sequence shown in Fig. L Additional isolates contained what 
is probably an allelic variation, replacing Thr-213 with a 
methionine, residue. 

Computer searches of sequence databases showed that the 
amino acid sequences of the two subunits are not related to 
any known protein. The subunit sequences are also not 
related to each other, since a comparison using the align 
program (11) gave a score of 1.27; only scores >3 are 
considered to indicate significant evolutionary reUtionship 
(12). The genes encoding the subunits appear to be unique, 
since low- and high -stringency hybridizations of genomic 
blots revealed identical banding patterns (data not shown). 
RNA blots showed the size of the 40-kDa subunit mRNA to 
be .2.4 kb t whereas the 3542)a subunit was encoded by a 
L4-kb transcript (Fig. 2). Expression of the two mRNAs 
encoding the subunits was coordinately regulated upon in- 
duction (Fig. 2). When NC-37.98 cells were activated with 
PMA and calcium iooophore for 72 hr, mRNA encoding each 
of the CLMF subunits was minimally detectable at 6 hr after 
the beginning of induction but was readily detected at 24 hr 
and continued tq accumulate until maximal levels were, 
reached at 71 hr (normalized to GAPQH mRNA levels; see 
the legend to Figi 2). In contrast, the mRNA for IL-2 in 
activated NC-37.98 cells was already at high levels at 6 hr and 
subsequently decreased, whereas the mRNAs for the low- 
affinity IL-2 receptor (jp55) followed the induction pattern 
seen for the CLMF subuoks. Scanning of RN A blots also 
revealed that steady-state mRNA levels for the 40-kDa 
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K^L^t shQwitt « coordinate ioduction of the 

£^*/t } wld )f 404cDa W CLMF subunit «iRNAs and lUmRNA 
£? ^-receptor mRNA 0>>. RNA (5 wr) from 

££^??f t ^ IVatcd . • w-h W °« of PMA and 25 ng of calcium 
woopborc A23I87 per ml were loaded in each lane. Lanes from left 
to jlgfatwcacttpancisbowRNAs isolated 6. 24.30, 48. and 72 hr after 
induction, respectively. (Gfaw) Four^day exposures. (t^^ T^ 

^Tr^f ***** * ripp *"« ^yinidi^a 

wrtnaGAPOH probe. Marker sizes are in kb (8RL RNA Udder). 

CLMF subunit were scvcralfold higher Chan those for the 
3 J-lcDa subunit expressed by the same cells. This finding 
parallels the observation Chat activated NC-37 cells secrete 
excess free 40-fcDa subunit protein (7). The V untranslated 
sequences of both CLMF subunit mRKAs contain several 
copies of the octamcr motif TTATTTAT (data not shown) 
Ttos sequence is present in other transiently expressed 
oiRNAs and ts involved in regulating mRNA stability (13) 

Coexpression of the 40-kDa and 354cDa CLMF subunit 
cDNAs in COS cells was required to generate secreted 
biologically active CLMF (Table 1 and Fig. 3). COS cells 
transfectcd with /C QNA encoding cither Che 40-kDa subunit 
alone or Che 35*Da subunit alone did not secrete btotogfcally 
active CLMF (TaWe I). Mixing media conditioned by COS 
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cells that had been separately transfectcd with one or the 
other of the two CLMF subunit cDNAs also did not give rise 
to bioactive CLMF (Table 1). 

Two types of assays were used to compare rCLMF and 
nCLMF. The first assay measures the proliferation of phy- 
tohemaggjutinin (PHA>-acu vated human peripheral blood 
lymphocytes, whereas the second assay evaluates the syn- 
ergy between CLMF and suboptimal concentrations of IL-2 
in the generation of LAK cefls in hydrocortisone-contatning 
cultures (7). The data in Fig. 3 show that rCLMF as expressed 
in COS cells and nCLMF as purified from NC-37 cells are 
essentially identical. Dose-response curves for rCLMF and 
nCLMF were supcrimposaMe in each of the two assays, and 
rCLMF was neutralized by a monoclonal antibody raised 
against nCLMF. Conditioned media from cultures of mock- 
transfectcd COS cells displayed no activity in these assays 
(Table 1 and data not shown). 

DISCUSSION 

la a previous report (7). we described the purification of a 
heterodimertc cytokine. CLMF, that synergized with low 
amounts of IL-2 to cause the generation of LAK cells in the 
presence of hydrocortisone and stimulated the proliferation 
of activated T cells independent of IL-2. In the present 
report, we have used the N -terminal amino acid sequence 
information previously obtained to done the two subunit 
cDNAs of CLMF. Protein purification of NC-37 cell line- 
derived CLMF had shown that the protein was composed of 
two disulfide-bonded summits with different N-terminal 
amino acid sequences (7). However, it was not clear from our 
previous results whether the two subunits were processed 
from one common gene product and whether proteolytic 
posttranslationa! processing other than signal peptide cleav- 
age was occurring. The molecular cloning and sequencing of 
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1.6 



1:20 
1:100 
1:20 
1:100 
1:20 
1:100 
LlOr 
L50 
1:20 
1:100 



11,744 ± 514 
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U.912 ±660 
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•nCLMF is purified NC-37-derivcd CLMP. 
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. FK3. 3. Comparisoo of biologic activities of nCI>fF (cirdes) and 
recombinant CLMF (rCLMF. squares). nCLMF was purified from 
NC-37 cefrcoodkioncd media; rCLMF was pcuificd from coacfidoc*^ 
modsafrum cultures of COSccfls traxi^^^c^ with cf )N Ai cnocKflne tl^ 
4<MdDa and 35-kDa human CLMF subuaks. (Ofoxr) T-ccfl growth 
Eactor assay. The abffity of CXMF to stirmilate the proliferation of 
human PllA-activafed lyntjphoUasts in 4$-hr cultures was assayed as 
described (7). CLMF prcparatkras were mixed with neutralizing rat 
monoclonal anti -bqxnan CUrfF antibody 4AI (rcf, 7; Open symbols) or 
w&h noonal rat IgG (Sigma; rig. closed symbols) at a fmal concentration 
of 20 of IgG/ml and were Incubated for 30 min at 37 3 C prior to 
addition of FHA blasts. Afl values ate means of triplicate determina- 
tions. (Lowed LAK cefl induction assay. The ability of CLMF. atone 
or in combiaatioo with recombinant IL-2. to induce the generation of 
LAK cells m 4-day enhurcs was assessed as described {?). Low-density 
peripheral Wood lymphocytes were incubated in the presence '.of various 
anrtufitsofoCLMFor^ 

symbols) recombinant (L-2 at 715 units/ml. Units of CLMF activity 
were based on previous titrations in the T-cefi growth factor assay. 
Hydrocortisone sodium succinate (Sigma) was included at a concen- 
tration of 0U mM to miniatizc triggering of endogenous cytokine 
cascades. Lysis of 5t Cr4abelcd Oaudt cells was assessed at an cflfector/ 
target ratio of 5: L Thedata sho wn represent the meaas of quadriplicate 
detcrutinaiKws. The sptatancous SI Cr rckasc wzs 20%. ■ 



the corresponding cDNAs now has demonstrated that there 
is no common precursor for the two CLMF subuoits; rather, 
they arc encoded by completely different genes. The pre- 
dicted and actual amino acid composition for the two sub- 
units are strikingly similar; differences in predicted versus 
actual molecular weights are accounted for by glycosylation 
(F. Podlaski, personal communication). Thus, the only. major 
posttranslatiotial proteolytic event that appears to take place 
in the maturation of the CLMF subunits is signal peptide 
cleavage. 

The kinetics of expression of the individual CLMF subunit 
niRNAs were examined and compared to the expression of 
mRNAs for IL-2 and the IL-2 receptor p55. Previously it had 
been observed that NC-37 cetlsv like certain murine (14) and 
marmoset (15) B -cell ltnes» secreted IL-2 when activated 
(M.K.G., unpublished results) . RNA blots demonstrated that 
upon activation of NC-37 cells, both CLMF subunit mRNAs 
were coordinately induced with kinetics similar to the f L-2 
receptor (p55) mRNAs. On the other hand, IL-2 mRNA 
levels peaked much earlier. Similar differences in induction 
kinetics were also seen at the level of IL*2 and GLMF 
bioactivity secreted from NC-37 cells (M.K.G., unpublished 
data). These kinetic differences are consistent with our 
previous observation that in a cytolytic lymphocyte re- 
sponse, IL-2 appears to act earlier than CLMF (5). 

Transection studies with COS cells established that only 
coexpresston of both subunit cDNAs gives rise to secreted 
bioactive CLMF. Thus, it appears that the two proteins have 
to interact within the endoplasmic reticulum to assemble 
properly into bioactive secreted CLMF. By comparing the 
activity of rCLMF to that of nCLMF in the T-ccll growth 
factor and LAK cell induction assays (Fig. 3) and assuming 
that the specific activity of rCLMF. is similar to that of 
nCLMF (iS x iO 7 units/mg (7)1, we estimate that the amount . 
of rCLMF hetcrodimer produced in these experiments was 
5-50 ng/ml. The finding that COS cells, which are fibrobtast- 
like cells, are able to assemble correctly the two CLMF 
subunits to form bioactive CLMF indicates that this secretion 
and processing pattern is not limited to cells of the lymphoid 
lineage. 

Western blot analysis using an anti-CLMF antibody spe- 
cific for the 404c Da subunit has allowed confirmation that (0 
COS cells transfected with both CLMF subunit cDNAs 
secrete CLMF with the e xpected heterodimeric structure and 
(«) COS cells transfected with the 40-kDa subunit cDNA 
alone secrete that subunit (F. Podlaski. personal communi- 
cation). Since no bioactivity was detected in media condi- 
tioned by COS cells transfected with only the 40-kDa subunit, 
that subunit by itself appears either to have a much reduced 
specific activity compared with heterodimeric CLMF.or to be 
completely inactive. 

Because of the lack of a high-affinity antibody specific Cor 
the 35-kDa subunit, we.have not yet been able to determine 
definitively whether COS cells transfected with only the 
35-kDa subunit cDNA secrete that subunit. Since no bioac- 
tivity was detected in the media, secretion of a bioactive 
35-kDa subunit by itself could be very inefficient; alterna- 
tively, similar to the 40-kDa subunit, the protein could be 
much less active or inactive altogether. Intracellular 35-kDa 
protein in the absence of the other subunit could be inherently 
unstable; there is precedence for this phenomenon, since it 
has been reported that 90% of the p chains of lutropto (LH), 
when expressed in the absence of a chains, are retained in the 
endoplasmic reticulum and are slowly degraded (16). Simple 
mixing of media con<htioncd by COS cells transfected sep- 
arately with cither one of the two CLMF subunit cDNAs did 
not yield bioactive CLMF. One possible explanation would 
be (hat the cells dp not secrete the 35-kDa CLMF subunit by 
itself. More likely, our experimental conditions did not allow 
proper hetcrodimer formation. One would expect that only 
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carefully controlled renaturatioa and oxidation conditions 
would allow the disulfide bond formation required for gen- 
eration of btoactive CLMF. 

Normal human peripheral blood lymphocytes under the 
appropriate induction conditions produce both CLMF sub- 
unit mRNAs and secrete the active protein (N.N, and 
M.K.G., unpublished data). There is some evidence suggest- 
ing that CLMF is produced predominantly by B cells. In 
preliminary experiments, B-ceft* mitogens have appeared to 
be more effective than T-ccll .mitogens in eliciting CLMF 
production from peripheral blood lymphocytes (M.ICG., 
unpublished results). When screening human cell lines for 
their ability to produce CLMF activity (7), we observed that 
four of eight B-cell lines tested produced CLMF after acti- 
vation with PMA and calcium ionophorc, whereas none of 
five T-cell lines produced CLMF. Nevertheless, three of 
these T-cell lines secreted large amounts of IL-2 and tumor 
necrosis factor activity after activation <M.IC.G., unpub- 
lished results). Likewise, natural killer cell stimulatory factor 
(HKSF), a heterodimeric cytokine similar or identical to 
CLMF, was isolated from RPM 1 8866 ly mphoblastoid B cells 
(17). A recent report (18) has indicated that B lymphocytes 
can secrete a cytokines) distinct from IL-2 that facilitates 
virus-specific cytolytic T-lymphocyte responses, tt is possi- 
ble that CLMF may have been the cytokine active in those 
studies. Thus, although B lymphocytes have not traditionally 
1 been viewed as cytokine-producing helper cells, it is con- 
ceivable that CLMF production constitutes a novel mecha- 
nism whereby B lymphocytes contribute to the amplification 
of T-lymphocyte responses. In addition to the biologic ac- 
tivities described in this report, CLMF by itself has been 
shown <<) to activate NK cells in an 18-22 hr assay, (it) to 
facilitate the generation of specific allogeneic CTL re- 
sponses, and (oO to stimulate the secretion of y interferon by 
resting peripheral blood lymphocytes (M.K.G., unpublished 
results). It can also synergize with low concentrations of 
recombinant IL-2 in the latter two assays and in causing the 
proliferation of resting peripheral blood lymphocytes. In 
view of its production by peripheral blood lymphocytes and 
its diverse actions on lymphoid cells, it appears that CLMF 
constitutes a new interleukin. We propose that CLMF be 



given the provisional designation 1L-12. The availability of 
recombinant CLMF will now make possible a broader and 
more detailed characterization of its biology. 
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Immunization With Melan-A PepUde-Pulscd Peripheral Blood 
Mononuclear Cells Plus Recombinant Human Interleukin 12 
Induces Clinical Activity and T-Cell Responses in 
Advanced Melanoma 



8y Amy C Peterson, Helena Harlin, and Tnomas F. Gajewski 



ftgqgggg ? Preclinical studies showed that immunization 
with peripheral blood mononuclear ceHs (PBMC] loaded 
with tumor antigen peptides plus mtedeukm-1 2 (IL-I2) in- 
duced CDS* T-cell responses and tumor rejection. We re- 
cently determined that recombinant human (rh) IH2 at 30 
fo 1 00 no/kg is effective as a vaccine adjuvant in patients. A 
phase II study of immunization with Melon A peptide- 
pulsed PBMC t- rhtt-12 was conducted in 20 patient! with 
advanced melanoma. 

Patients and Method k Patients were HtA-A2-pos<ttve 
and had documented Mdoa-A expression. Immunization 
was performed every 3 weeks with clinked re -evaluation 
every three cydes. Immune responses were measured by 
aiS^t assay before and after treatment and through the 
first three cydes, and were correlated with clinical outcome. 

Results Most patients had received prior therapy and had 
visceral metastases. Nonetheless, two patients achieved a 

MOST MELANOMA tumors express antigens that can be 
recognized by CD8+ T cells. 1 2 Nonetheless, tumors 
frequently escape immune destruction, either from a failure to 
generate an optimal tumor antigen-specific T-cell response or 
from development of resistance to the T-cell response induced 
One strategy to overcome the former hurdle is through active 
tmmunization, the opportunity for which has been facilitated by 
the molecular definition of melanoma antigens. 3 Specific CD8* 
T cells that are properly activated can home to tumor sites and 
kill tumor cells, to the extent to which they can overcome 
negative immunoreguiatory pathways and tumor resistance. 4 

The optimal immunization strategy for inducing tumor 
antigen-specific GD8 + effector T cells in humans remains 
undefined. However, antigen -presenting cell-based strategics 
have shown promise. Both moapcyte-derived M and bone mar- 
row-derived 7 deadritic cells (DCs) have been loaded with 
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complete response, five patients achieved a minor or mixed 
response, and four patients had stable disease. The median 
survival was 12.25 months for all patients and was no* yet 
reached for those with a normal lactate dehydrogenase, there 
were no grade 3 or 4 toxicities. Measurement of specific CD8 * 
T-cell responses by direct ex vivo ELI Spot revealed a significant 
increase in interferon gamma-producing T cells against 
Meian~A [P = .015) after vaccination, but not against an 
Epstein-Barr virus control peptide (P = .86}. There was a 
correlation between the magnitude of the increase in Melon- 
Ar-spectfic cells and cfinkaf response {P = .046}. 

Conclusion: This immunization approach may be more 
straightforward than dendritic cell strategies and seems 
to have clinical activity that can be correlated to a biologic 
end point. . 

J Clin Oa<o1 21:2342-2348. © 2003 by American 
Society of Clinical Oncology. 



melanoma tumor antigens and administered in the . advanced- 
disease setting, with evidence for immunization and tumor 
regression in subsets of patients. However, DCs are cumbersome 
to generate and alternative approaches that are more straightfor- 
ward yet equally as effective would be useful. One cotactor 
produced by DCs that contributes to their efficacy is interleu- 
kin- 12 (IL-12). which facilitates the induction of interferon 
gamma (TFN-y>-producing cytolytic effector celts, 8 ' 10 Endoge- 
nous fL-12 seems necessary for optimal rejection of immuno- 
genic murine tumors' 1 12 and provision of exogenous fL-12, 
either alone 13 or combined with tumor antigen-based vac- 
cines, 1 ^ can induce rejection of pre-established tumors in 
murine models. Wc previously have shown that coadministration 
of fL-12 with peripheral blood mononuclear cells (PBMCs) 
loaded with tumor antigen peptides induced specific cytolytic 
T4yrnphocyte responses and tumor protection to mice, circum- 
venting the need to generate deadritic cells. 7 " The ease by which 
PBMC can be isolated from patients has made this an attractive 
approach for clinical translation. We recently conducted a phase 
I clinical stxxdy to determine the dose of recombinant human (rh) 
IL-12 necessary to induce T-cell responses in combination with 
antigen-loaded PBMCs, and found that doses from 30 to 100 
ng/kg administered subcutaneously (sc) at the vaccine site were 
optimal and well tolerated^ 1 The . effective range of doses 
indicated that a straight dose of 4 /tg might be used 

In this article, we describe results of a phase 11 clinical study 
of immunization with Melan- A/MART- 1 3 peptide-pulsed autol- 
ogous PBMCs + rhIL-12 in HLA-A2-positive patients with 
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advanced melanoma. Immune responses were analyzed using a 
direct ex vivo ELlSpot assay. We show that this vaccine 
approach, had clinical activity and that the magnitude of in- 
creased Tncell response correlated with clinical outcome. 

PATIENTS AND METHODS 

Patient Enrollment and Eligibility 

This was an open-label, nonrandomized, single -institution study of 
Melan-A pcptide-pulscd autologous PBMCs + rhlL-U/* The protocol was 
approved by the University of Chicago Institutional Re view Board and all 
patients signed written informed consent. Patients who were both HLA-A2- 
positivc and showed M elan -A tumor expression by reverse transcriptase 
polymerase chain reaction (RT-PCR) were considered for inclusion. Addi- 
- tioaal inclusion criteria were life expectancy more than 1 2 weeks, Karao&ky 
performance status 2:70, and adequate hematopoietic, renal, and hepatic 
function. Delayed -type hypersensitivity (DTH) skin testing was performed 
against mumps. Candida, and Trichophyton, not for eligibility but to correlate 
subsequently with clinical outcome and immunization potential. Patients 
were excluded if they had severe cardiovascular disease or arrhythmia, were 
pregnant or nursing, had biologic therapy received within 4 weeks, tested 
positive for hepatitis B surface antigen or human immunodeficiency virus 
(HIV), had clinically significant autoimmune disease or any illness requiring 
immunosuppressive therapy, had a psychiatric illness that would interfere 
with patient compliance and informed consent, had active gastrointestinal 
Weeding or uncontrolled peptic ulcer disease, or had uncontrolled brain 
metastases. Patients with treated brain metastases who were clinically and 
radiographtcally stable and did not require corticosteroids were allowed to 
enter onto the trial. 

Patient Characteristics 

Twenty, patients With metastatic melanoma were enrolled after giving 
written informed consent Patient characteristics arc outlined In Tabic 1. All 
patients had. advanced disease; the majority had at least three sites of 
metastasis. 60% of which were visceral (tc) noocucancous and nonpulmonary 
metastases). Approximately two thirds of the patients had received prior 
therapy, and 10 patients had an elevated lactate dehydrogenase (LDH) level, 
which is an important negative prognostic factor. 22 Only 45% were positive 
for at least one recall antigen (mumps, Candida, or Trichophytin) by DTH 
dun testing. 

RT-PCR Analysis 

RNA was isolated from fresh tumor cells using guanidine and cesium 
chloride, cDN A was synthesized and PCR was performed for MeJan-A 
and bcta-actin using the primer pairs and reaction conditions described 
previously. 21 Control reactions, without reverse trajiscriptase were per- 
formed Co rule out a contribution of genomic DNA. PCR products were 
visualised using a "L5% ethidtum bromide-stained agarose gel. No formal 
quantitation was performed. 

Vaccine Preparation 

Therapy consisted initially of three 2 1 -day cycles. Vaccinations , were 
given on the first day of each cycle and rhIL-12 was administered subcuta- 
neousfy on days 1, 3, and 5. Approximately 100 to ISO mL of peripheral 
blood from patients was collected on day 1 of each cycle into heparinized 
60-cnJL syringes using sterile . technique. PBMCs were isolated oyer a 
Lyraphoprcp gradient (Lytnprtqprep; Axis-Shield PoC. Oslo, Norway), 
counted, washed, and resuspended in Oulbccco's phosphate -buffered saline 
(DPBS) at 40 X 10* cclUAnL. At least 10 X 10* cells from each sample were 
cryopreserved to prepare Cp8 *" and CD8 ~ fractions for subsequent correl- 
ative immunologic studies. The Mclan-A Z7 _ J$ peptide (AAGtGfLTV) was 
produced according to good manufacturing practice standards by Multiple 
Peptide Systems (San Diego. CA) and provided in lyophilized vials. AHquots 
of peptide were prepared at 5 mmol/L in dimethyl sulfoxide and stored at 
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Abbreviations: 6COG, Eastern Cooporctfiw Oncology Group; ffNa. interferon 
a&r 2b; LDH, lactate defrydrogerta*-; DTH delayed -typo hypersenstfvity. 

'Experimental therapy other than a melanoma vaccina, (nwwoonKxUatory 
cytokine, or chemotherapy. 



— 80*C for up to 3 months. Peptide preparations were quality controlled for 
HLA-A2 binding, sterility, and identity by high-peribriiiance liquid chroma- 
tography and mass spectrometry. An aliquot of peptide was dUuted to 20 
pxnoUL in DPBS and mixed with an equal volume of patient PBMCs (final 
peptide concentration, 10 junoI/L; target number of PBMCs, 10*> followed 
by uicuhation at 37°C for 1 hour in 10 mL DPBS. the cells were &ca 
irradiated <20 Cry), washed in DPBS, and iesiispeuded to I mL DPfiS. The 
suspension of peptide -loaded PBMCs was injected sc using a 1-cnL syringe 
and a 2 1 -gauge needle, divided evenly into two rites: Preferred sites were 
those near draining lymph node basins but not near a tumor mass. The actual 
number of PBMCs admmistered per vaccine ranged from 78 to 100 X 10*. 

rhJL-12 was provided by Genetics institute ((^bridge, MA) as a 
lyophilized powder of 10 fig under vacuum. Each vial was intended for 
single use only and was stored as a powder in our research pharmacy at 2 to 
8~C until reconstituted with sterile water for injection. Once reconstituted, 
rhIL-12 was loaded, into 3-mL syringes and used within 4 . hours. rhIL~12 (4 
fig) was administered sc with a 25-gaugc needle Just after pulsed PBMC 
inoculation and immediately adjacent to one of the two tmmumzation sites 
on days 1, 3. and 5. The same approximate location was used for each 
injection of peptide -pulsed PBMCs and rhIL-12 for each cycle. 

Toxicity Assessment and Criteria for Clinical Response 

Toxicities were determined using the National Cancer Institute common 
toxicity criteria scak version 2.0. A complete, response (CR) was assigned if 
there was disappearance of all lesions without the appearance of any new 
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Icsioos; a partial response (PR) was defiaed as > 50% reduction in toul 
tumor volume; a minor response (MR) was defined as less thaa 50V, 
reduction in total cumor volume; progressive disease (PO) was assigned if 
new lesions appeared, any tumor reappeared, or if a 25% increase in tumor 
area was observed; a mixed response was assigned if at least one tumor 
decreased in size with other or new tumors growing; stable disease (SO) was 
anything that did not fit the aforementioned criteria. When possible, 
cutaneous lesions were photographed. 

CQ8* TrCell Preparation 

CXW* and CD8~ fractions from PBMC wecc isoUtod at the time of 
prcparatioa of each vaccine and cryopresecved until analysis in batch 
feshtoo. C08^ T lymphocytes were isolated by positive selection using CD 8 
microbcads and magnetic, columns (MACS system; MUienyi Biotech, 
Auburn. CA). The unbound CD8~ fraction was cryopreserved for use as 
antigen presenting cells for in vitro expansion of specific CD8* T cells. 
Although the primary EUSpot analysis was Derfotrned directly with thawed 
cell* a secondary assay was carried out after in vitro expansion. For in 
vitro expanstoo, COS ~ cells were thawed from each time point and pooled, 
pulsed with 50 pwoVL Mclan-A peptide in scnim-frce Ucove's modified 
Oulbeoco** medium (IMOM) with bctaj-microglobului, irradiated (3,000 
nd); washed, and plated at 2 X 10* cells/well in 24-wcfl plates. CDS* T cells 
were Hawed and cultured with the irradiated CD8~ cells at 4 X 10 5 cdls/weU 
in (MOM medium containing 10% human AB serum. After 5 days, the cells 
were collected and plated with a new batch of Mdan-A-pulsed eradiated CD8~ 
cells. After an additional 5 days the cdls were collected and tested. 

EUSpot Assays 

Briefly, 96-well membrane bottomed plates (MAflA S4510; Millipore. 
Bedford. MA) were coated with 15 /ig/mL of antihuman fFN-y antibody 
(Mabtech. Cincinnati, OH) in PBS. The plates were washed and C08 * T 
odU, cither freshly thawed at 5 X 10 4 cells/well or after in vitro expansioo 
at 5 X 10* cellsrwell, were plated in triplicate in IMOM medium with 10% 
human AB serum. T2 cells (transporter associated with antigen processing- 
deficient cefl line, American Type Culture Collection no. CRf 1992) were 
pulsed for I hour at 37«C with 50 punol/L peptide (either derived from HIV 
(ILKEPVtKJVj. Epstein-Barr virus (EBY; GLCTLVAMLJ, or Melan-A 
(AAGICHLTVI). washed, and plated at a 5 -to I raao to the T cells. A 
replicate of CD8+ T cells was stimulated with PMA (phorbol l2Knyristate 
I3«acetate) (50 og/mL) + kmomycin (0.5 W 'mL) as a positive control After 
24 hours, the cells were removed by washing with PBS + 0.05% Twecn 
(wash buffer), and bwtiaytated antihuman IFN-y antibody was added in PBS 
+ 03% fetal calf serum. The plates were incubated for 2 to 4 hours at room 
taaperaturc, washed, and strepttvioat-afialinc phosphatase was added for I 
bow at room temperature. The plates were then washed, BCfP-NBt 
(5^romo^|oro-3-indolyl pbosphate/nitro4)lue tetrazoUum) was added, 
aod the places «w foully washed with Wer and aUow<^ to >v dry Mates 
werescanaed with an EUSpot reader (CTL technologies, Cleveland. OH) ' 
and the number of spots per well was enumerated alter the background was 
set on the basis of wells that had been incubated with medium alone; spot 
separation was adjusted using Immunospot software (CTL Technologies). 
For each sample, the number of T cdls producing IFN-y in response to BBV 
or Melan-A peptides was determined by subtracting the number of spots seen 
m response to HIV peptide. The mean and SO were determined for each 
triplicate sample. After immunization- the time point at which peak frequeo- 
-cies among the first three cycles were observed was used for data analysis. 

Statistical Analysis 

Comparisons between pre- and post-EUSpot frequencies were performed 
«swg a paired / test, and comparisons of augmented EUSpot frequencies 
between lespoodcrs and oonrcspoodcrs were made using an unpaired 
two-sided r test Correlations between various dichotomous variables and 
cluneal outcome were made using Fisher's exact test (two-sided). Survival 
data were determined using the Kaplan-Mdcr method, with differences 
among subgroups assessed by the log-rank test. All analyses were performed 
using SPSS software (version 8.0; SPSS Inc. Chicago. IL). 
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RESULTS 

Immunization Treatment and Toxicities 

Each 3-week cycle consisted of immunization on day 1 and sc 
rhIL-12 administration on days 1, 3, and 5, as described in 
Methods. Three cycles constituted one course of therapy and 
patients were evaluated for response after each course. Patients 
were observed as inpatients in our General Clinical Research 
Center for the first 24 hours of each cycle. 

Adverse reactions are listed in Table 2. All but one patient 
completed at least three cycles of therapy. There were no grade 
3 to 4 toxicities; two patients had grade 2 neutropenia and two 
patients had grade 2 ALT or AST elevations, which were reversible. 
The most common adverse reactions were fatigue and fever. 

Clinical Outcome 

Clinical response outcomes are listed in Table 3. Two patients 
had a CR, for an overall response rate of 10%, la addition, four 
patients (20%) had a mixed response, one patient (5%) had an MR, 
four patients (20%) had SD, and the lematning nine patients (45%) 
had PD. The sites of tumor response were diverse. The two patients 
who experienced a CR both had numerous metastases of 2 cm or 
less and a normal LDtt One |»uent was female, had multiple 
cutaneous lesions, and no prior merapy; the other patient was maie, 
had multiple lung lesions, and had experienced prior treatment 
Mure from cheraouiiniunonMrapy. Neither patient experienced a 
recurrence with a mean follow-up time of 28 months at the time of 
data analysts. Of the five other patients who showed a decrease in 
size of at least one tumor mass, three had responses m skui, one had 
a response in bone, and one had a response in an adrenal lesion. 
Three of the four patients with SO had visceral metastases 
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Peptide-Speeiftc T-Cell Responses by EUSpol 

A carefully controlled IFN-y ELlSpot assay was used to 
monitor the immune response to immunization. Cryopreserved 
CD8* T cells were thawed iu batch fashion and stimulated in 
triplicate directly ex vivo with T2 cells loaded with peptides 
derived from cither HIV, EBV, or MeLm-A. The HIV values 
were subtracted from those obtained with either Melan-A or 
EBV as an internal control at each time point. Seventeen of the 
enrolled patients had adequate cryopreserved material with 
which to perform immunologic assessments. 

As shown in Fig I, some patients displayed a high frequency 
of Meian-A-specific CD$ + T cells before vaccination, with as 
high as i% of CD8* cells responding to this peptide. These T 
cells were functional because they produced IFN-y. The majority 
of patients showed an increase in the frequency of Melan-A- 
spectfic cells after immunization (P = .015). In contrast, the 
frequencies of specific CD8* T cells responding to the EBV 
peptide did not vary significandy overall (P « .861- Although the 
changes in T-ceU frequency were modest, these results demon- 
strate, an antigen-specific response after irnmunizauon with 
Melan-A peptidc-pulsed PBMC + rhlL-12. 

The changes in Melan-A-specific EUSpot frequencies were 
cotnpared among patients who had a mixed response or better 
and those who had no clinical response. As shown in Fig 2, the 
mean increase in Mdan-A-spccific T cells for the clinical 
respooders was 1 1 2 ± 45 and for nonresponders was 26 ± 16, 
indicating that a greater absolute increase in Melan-A-specific T 
celts was associated with tumor regression (P = .046); 

Survival and Associations Between immunologic Parameters 
and Clinical Outcome 

The overall median survival was 12J25 months and is shown 
in Fig 3 A Seven patients remained alive at the time of data 
analysis, with all patients followed beyond 12 months. Because 
the presence of elevated levels of serum LDH is a known 




fig 2. Comparison of increased Melan-A QfSpot frequencies after wnmwraza- 
t»oa between diaioaf respooders and cvxtcespooders. The absolute difference 
between MeWA-spedfic EUSpot frequencies post- and pretroatroerd was com- 
pared between responders and cKmresponders using a two-sided, unpaired # test. 



negative prognostic factor, 23 survival was also compared in 
response to this vaccine on the basis of LDH level (Fig 3B). The 
median survival for patients with an elevated LDH level was 
9.25 months, whereas the median had not yet been reached for 
those with a normal LDH (P - ,005). In addition, the median 
survival for patients who experienced a significant increase in 
Mclan-A-spccific T cells was not yet reached, compared with 
8.5 months for patients without a significant increase in Mclan- 
A-<specirtc cells (Fig 3C; P = .120). 

Additional immunologic parameters that had been measured 
were also analyzed for associations with either clinical response 
or survival and are summarized in Table 4. Neither a positive 
recall DTH to standard antigens nor a relatively high number of 
EBV- or Melan-A-specific CD8* T cells before immunization 
correlated with either outcome. The median pretreatmeut Mdan- 
A-specincT cell frequency was 23 in clinical nonresponders and 
—26 in resppnders. To increase the sensitivity of (he assay to 
detect : Melan-A--specific T cells, an in vitro expansion was 
performed on the preuiununizatioh samples and analyzed by 
EUSpot as described in Methods, ten patients showed high 
Melan-A-specific T Cell frequencies after in vitro expansion^ 
However, this also failed to correlate with clinical outcome. 
Finally, although a : normal LDH level was associated with 
survival* it did not oprrelate with clinical response and also did 
not correlate with immune response. Collectively, these results 
reinforce the specificity of the result showing a significant 
association between an increased number of Melan-A-specific T 
cells and clinical outcome. 

Expression of Melan-A in Resected Tumors 
After Immunization 

It was conceivable that some patients developed PD despite 
immunization because of outgrowth of Melan-A-negative tumor 
cells. PosCreatment tumor samples were obtained from progressing 
tumors from three patients and analyzed by RT-PCR. Although the 
new metastasis that developed in patient 1 was negative for 
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Mdan-A expression, those samples from patients 4 and 6 retained 
detectable exptessioa of Metao-A mRNA (Fig I). These results 
indicate that, although outgrowth of antigen-negative tumors can 
occur, other mechanisms of resistance to immune destruction likely 
explain the lack of clinical response in other patients. 

WSCUSSION 

In this study we used Melan-A pcptide-pulsed autologous 
PBMC 4- rhlL-12 as a vaccine to* treat HLA-A2;-positive 
patients with advanced melanoma. We observed a significant 
increase in Melan-A-spccific O^-y-producirig CD8* T cells 
after irrurutoizatiori, and found a statistical association between 
clinical response and the magnitude of the specific T-ceil 
increase Although it is difficult to compare across individual, 
small phase (I studies, these results are similar to those that have 
been reported using antigen-loaded deudritic cells, but with a 
strategy that may be more straightforward to execute. 

Preparation of the peptide-ioaded PBMCs typically took 5 
hours from phlebotomy to injection, and quality control of the 
cell product was facilitated hy the: lack of an extended in vitro 
: culture period and absence of exposure to culture medium or 
serum proteins that is required for dendritic cell preparations- 
Conversely, dendritic cell vaccines have been prepared in 
batches arnT cryopreserved in mdividual doses in some studies, 
which obviates the need to prepare a fresh vaccine at each time 
point Cryoprcservatiou of vaccines has not yet been examined 
widi our current approach. A comparative trial between PBMC/ 
rrin>l2 and dendritic cell -based vaccination may, therefore, be . 
of interest as the technologies continue to develop. Our results 



support the notion developed in preclinical models that IL-12 
can contribute to effective antitumor immunity, and are consis- 
tent with the results of a recent adjuvant vaccine study using 
rhfL-12 in melanoma. 24 

We used a direct ex vivo ELISpot assay to assess antigen- 
specific T-cell responses in this study. Control experiments 
testing EBV reactivity from normal donors revealed that ELIS- 
pot analysis could be performed accurately 00 cryopreserved 
CD8 + T cell samples immediately after thawing (H. Hart in and 
T. Gajewski, unpublished data). We found that background 
reactivity against the control HIV peptide varied among patients 
and to some extent among tunc points for an individual patient 
The magnitude of increase in apparent Melan-A-reacti ve T cells 
would have been greater in some patients had the values 
obtained with the HIV control peptide not been subtracted. We 
believe that this experimental detail is critical because it normal- 
izes the samples for background differences and provides an 
internal control for minor variation between individual vials of. 
cryopreserved T cells. We also compared the Mel an- A frequen- 
cies to those against an EBV control peptide, to determine 
whether the tieatment was altering ELISpot results. We per- 
formed our analyses on purified CDS t T cells to control for 
variable numbers between patients and across time points, ft is 
possible that we excluded subpopulations of CD8~ T cells* 
CD4* T cells, and natural IdUerTcells that could have produced 
GFN-y in response to Melan-A. Nonetheless, our results revealed 
a measurable and significant increase in Melan-A-specific T 
cells posttreauuenL Our currently cuiployed ELISpot assay is 
distinct from the assay used in our phase 1 trial of peptide-pulsed 
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Abbreviations: OIH. delayed -type hypersensitivity; EBV. Ep-Jetn &arr virus; Rx, 
imnuaizntioa; IDH, lactate defrydrogenase; W, Kumart immunodefidencY vims; 
1-2. iitorWartrZ 

*A1 least 90 spots per lO^CDo* Tcefis after subtraction of background against a 
control rWpepSdc. 

tCKanges between post- and prevoccinoaon samples were calculated as &e 
deference between rfve absolute number of speanc spots and compared using an 
unpaired I lest between cfcniorj responders and norwesponoers. 

tAi toast 40 spots per 10 s CD8 * T ceRs after subtraction of badegrouad against 
a control Htv* peptide. 

§Al least 90 spots per 10 s CD8* T cefls after subtraction of bodegroorvd against 
a control rW peptide, after a 10-aay « vitro expansion wi* Melon 'Ape^aVpulsed 
autologous 0D8" ceOs and 0.-2. 

PBMC + rhlL-12 and in other trials 21 ,25 in which in vitro 
expansion had been performed before assessment of IFN-y 
production. Analysts of T-cell responses with minimal in vitro 
manipulation should most accurately reflect the status of those 
cells in vivo. 

High frequencies of Mdan-A-^specific, lFN->^rcKiucing 
CD8* T cells were observed In some patients at sbady entry 
when they clearly had progressively growing, melanoma. This 
observation indicates that the absolute frequency of functional T 
cells against a tumor antigen does not correlate with the behavior 
of the tumor. We also found no statistical association between 
this high frequency and clinical outcome; in fact, the two patients 
who experienced a CR had undetectable Meian-A-spe<xuc T 
cells before therapy. Although high frequencies of T cells 
reacting with a Melan-A tetramer have been detected in some 
normal donors; 26 those cells had . a naive surface phenotype and 
did not produce high levels of IFN-y. What did correlate with 
clinical response in our current study is a meaningful increase in 
Melan-A-specific T cells positreatmenL These increases were 
modest (a net gain of 112 spots per 10 $ CD8**T cells on 
average), indicating either that a subtle alteration in the steady- 
state between the immune response and a growing tumor in favor 
of increased T-cell frequencies is sufficient to translate into, 
tumor regression, or that another immune function that we are 
not measuring is contributing to the final, event of tumor 
shrinkage. Tumor regressions without detectable increases in 
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ftg 4, MeSao-A expression in tumors that persisted after kna«ununt»oa. Three 
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polymerase chata rea ct i on . Controls were anafyred wtthout reverse transcriptase 
or wnfi beta-actift pomers. 



T-cell frequencies using standard assays have been observed in 
other studies. 27 

The median overall survival in our study was 12.25 months 
from treatment initiation, which is* greater than the expected 6 to 
9 months for this patient population. Although it was a relatively 
small study: and subject to selection bias, most patients were 
p retreated and had visceral disease, one half of the patients had 
elevated serum LDH levels, and four patients had treated brain 
metastases. As has been seen in melanoma patients treated with 
standard therapies, we found that an elevated serum LDH level 
was a negative prognostic factor for survival. Whether this is 
reflective of tumor burden or the metabolic state of the tumor 
cells that have adapted to an anaerobic environment is unclear. 

Some patients developed increases in Melan-A-specific T 
cells and developed progressive tumor growth despite retained 
expression of the antigen on posttreatment biopsies. This obser- 
vation is similar to that seen in murine studies 24 and indicates 
mechanisms of tumor resistance downstream from initial T-cell 
priming, presumably within the tumor rrucToenvironment Poten- 
tial explanations include poor T-cell trafficking to tumor sites, 
presence of negative regulatory cells, T-ceU anergy or death, 
expression of inhibitory molecules by tumor cells,.or dowuregu- 
iation of class I major histocompatibility complex or antigen- 
processing molecules. 29 ' 30 Future studies should investigate 
definable mechanisms of tumor escape that allow tumor cells to 
resist elmtination by antigen-specific T cells in vivo. 

ACKr^WlHXSMrM- 

Wc ttunk Genetics InStrtutc/Wycth for rh(U12, and T. Karrison, M. 
Sherman, S. Swiger, and M. Posacr for important contributions. 



REFERENCES 

I. Boon T. Cerottini XC. Van den Eyndc B, ct al: Tumor aati- 2. Kawakami Y, Robbios PF, Wang RF, ct al: IdcntiOcattoa of 
gens recognized by T lymphocytes. Anau Rev Immunol 12:337-365. tumor-rcgrcssioa antigens in melanoma. Important Adv Oncol 3-21, 
1994 1996 



J> 



2348 

3. Coulic PG, Brichard V. Van Pel A. et aL A new gene coding for a 
differentiation antigen recognized by autologous cytolytic T lymphocytes on 
HLA-A2 melanomas. I Exp Med 180:35-42, 1994 

4. Gajcwski TF, Fill anno F: Rational development of tumor antigen- 
specific immunization m melanoma. Ther Immunol 2:21 (-225, 1995 

5. Nestle FO, Ahjagic S, GiHiet M, et at: Vaccination of melanoma 
patients with peptide- or tumor lysatc-pulsed dendritic ceils. Nat Med 
4J2S-332, 1993 

6. Thurner 8, Hacodlc I, Roder C. ct al: Vaccination with MAG&-3AI 
pcptide-palsed mature, rnonocytc-derived dendritic cells expands specific 
cytotoxic T cells and induces regression of some metastases in advanced 
stage IV melanoma, J Exp Med 190:1669-1678, 1999 

7. Banchereau J. Palucfca AK, Dhodapfcar M, ct al: Tmrnune and clinical 
responses in pariems with metastatic melanoma to CD34(+) progenitor- 
derived dendritic cell vaccine. Cancer Res 61:6451-6458. 2001 

8. Gajewsii TF, Renauld JC, Van Pel A, ct at Costimulatioo with B7-I, 
.1L-6, and 1C-12 is sufficient for primary generation of murine antitumor 
cytolytic T lymphocytes in vitro. 1 Immunol 154:5637-5648, 1995 

9. Mehrotn PT. Wu D, Grim JA,et ah Effects of fL-12 on the generation 
of cytotoxic activity inhuman CD8 + T lymphocytes. J Immunol 151:2444- 
2452, 1993 

10. Trinchieri G: Interieukin- 12: A promflammatory cytokine with im- 
munocegulatory functions that bridge innate resistance and antigen-specific 
adaptive immunity. Annu Rev Immunol 13:251-276, 1995 

1 1. Fallarioo F, Uytteuhove C, Boon T, ct al: Endogenous fL-12 is 
necessary for rejection of P8 15 tumor variants in vivo. J Immunol 156: 1095- 
1100, 1996 

12. Fallarioo F, Gajcwski TF: Cutting edge: Differentiation of antitumor 
CTL in vivo requires host expression of Stall. J rmmunol 163-4109-4113 
1999 

13. Brunda MJ. LuLstro L, Warner RR, et al; Antitumor and antimetastatic 
activity ofiotcrieukm 12 against murine tumors. / Exp Med 178:1223-1230 
1993 

14. HauVzS.DrtrcmmerieO.GiaonouliC^ 

human papillomavirus type 16-transfooned cells provide a potent cancer 
vaccine that generates E7 -directed immunity. Int J Cancer 81:428-437, 1999 

15. Fallarioo F, Ashikari A, Boon T, ct al: Antigen-specific regression of 
established turaocs induced by active immunization with irradiated IL-12- 
but not B7-l-transfccied tumor cells. Int Immunol 9:1259-1269, 1997 

16. Vagliani M, Rodolfo M, Cavallo F, etal: Interleukiu 12 potentiates the 
curative effect of a vaccine based on intcrkukoi 2 -transduced tumor ceils 
Cancer Res 56:467-470. 1996 

17. fJavallo F, Signorelli P, Gidvarelli M, ct al: . Anduimor efficacy of 
idettocarcinoma cells engineered to produce interieukin 12 (tL-12) or other 
cytokines cotnpared with exogenous IL-12, 1 Nad Cancer tost 89:1049-1058, 



PETERSON, HARUN, AND GAJEWSK1 

18. Rao JB, Chamberlain RS, Bronte V, et al: 1L-12 is an effective 
adjuvant to recombinant vaccinia virus-based tumor vaccines: Enhancement 
by simultaneous B7-1 expression. J Immunol 156:3357-3365, 1996 

19. Sumimoto H, Taoi K. Nakazaki Y. ct al: Superiority of iotericukin- 
12-transduced murine lung cancer cells to GM- CSF or 87-1 (CO80) 
transfectants for therapeutic antitumor immunity in syngeneic immunocom- 
petent mice. Cancer Gene Ther 5:29-37, 1998 

20. Fallarioo F, Oyttenhovc C, Boon T, ct af: Improved efficacy of 
dendritic cell vaccines and successful immunization with tumor antigen 
peptidc-pulscd peripheral blood mononuclear cells by coadministration of 
recombinant murine interieukin- 1 2. Int J Cancer 80:324-333, 1999 

21. Gajcwski TF, Faflarino F, Ashikari A, ct at: Immunization of 
HLA-A2+ melanoma patients with MAGE-3 or MdanA peptidc-pulscd 
autologous peripheral blood mononuclear cells plus recombinant human 
mterieukhi 12. Clin Cancer Res 7:895s-90ls, 2001 

22. Bafch CM, Buzaid AC, Atkins MB. ct al: A new American Joint 
Committee on Cancer staging system for cutaneous melanoma. Cancer 
88:1484-1491, 2000 

23. Eton O, Legha SS, Moon TE, et al: Prognostic factors for survival of 
patients treated systcmicaily for disscruinatcd melanoma, - / Clin Oncol 
16:11034111, 1998 

24. Lee P, Wang F. Kuntyoshi /, ct al: Effects of interieukin- 1 2 on the 
immune response to a multipeptide vaccine for resected metastatic mela- 
noma. J Oin Oncol 19:3836-3847; 2001 

25. Rosenberg SA. Yang JC, Schwartzentruber DJ, et al: Immunologic 
aod therapeutic evaluation of a synthetic peptide vaccine for the treatment of 
patients with metastatic melanoma. Nat Med 4 32 1-327. 1998 " 

26. Ptttet MJ. Valmori D, Dunbar PR, ct al: High frequencies of naive 
Melan-A/MART-l-spcciuc CD8(+) T cells in a large proportion of human 
histccompaubility leukocyte antigen (KLA)-A2 individuals. J Exp Med 
190:705-715, 1999 

27. Marchand M, van Baren N. Wcynants P. et al: Tumor regressions 
observed in patients with metastatic melanoma treated with an antigenic 
peptide encoded by gene MAGE-3 and presented by HLA-Al. Int J Cancer 
80:219-230, 1999 

28. Wick M, Dubcy P, Koeppen H, et al: Antigenic cancer cells grow 
progressively in immune hosts without evidence for T cell exhaustion or 
systemic ancrgy. J Exp Med 186:229-238. 1997 

29. Fcrrone S, Marirtcola FM: Loss ofHLA class I antigens by melanoma 
cells: Molecular mechanisms, functional significance and clinical relevance. 
Immunol Today 16:487-494, 1995 

30. Mariocola FM, Jaffee EM, Hick! in DJ, ct al; Escape of human solid 
tumors from T-cell recognition: Molecular mechanisms and functional 
significance. Adv Immunol 74:1.81-273, 2000 



fa t 



Vaccination with Mage-3Al Pep tide-pulsed Mature, 
Monocyte-derived Dendritic Cells Expands Specific 
Cytotoxic T Cells and Induces Regression of Some 
Metastases in Advanced Stage IV Melanoma 
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Summary 

Dendritic cells (DCs) are considered to be promising adjuvants for inducing immunity to can- 
cer. We used mature, monocyte-derlved DCs to elicit resistance to malignant melanoma The 
I 5 ^ puUed with Mw3Al tumor peptide and a recall antigen, tetanus toxoid or tuber- 
culin. II far advanced stage IV melanoma patients, who were progressive despite standard che- 
motherapy, received five DC vaccinations at 14-d Intervals, The first three vaccinations were 
administered Into the skin, 3 X 10* DCs each subcutaneously and intradermal^ foUowed by 
two Intravenous Injections of 6 X 10* and 12 X 10 6 DCs. respectively. Only minor (less than 
or equal to grade il) side effects were observed. Immunity to the recall antigen was boosted 
Signiacant expansions of Mage -3A1 specific CDS* cytotoxic T lymphocyte (CTL) precursors 
were Induced In 8/ il patients. Curiously, these immune responses often declined after the in- 
travenous vaccinations. Regressions of Individual metastases (skin. lymph node, lung and liver) 
were evident in 6/11 patients. Resolution of skin metastases in two of the patients was accom- 
panied by erythema and CD8* T cell Infiltration, whereas nonregresslng lesions lacked CD8 + 
1 cells as well as Mage~3 mRNA expression. This study proves the principle that DC Vac- 
cines can frequently expand tumor-specific CTLs and elicit regressions even In advanced can- 
cer and. in addition, provides evidence for an active CD8+ CTL-tumor cell interaction in situ 
as well as escape by lack of tumor antigen expression. 

Key words: dendritic cells • vaccination active immunotherapy * melanoma * 
cytotoxicT lymphocytes 



It b now established that the Immune system has cells, 
particularly CD8* CTLs. that can recognize tumor anti- 
gens and kill tumors (I, 2). Nevertheless, a major problem 
Is that these T cells are either not induced or only weakly 
induced, i.e.. the T cells are not evident in the systemic cir- 
culation. One possibility. Is that there Is Inadequate tumor 
antigen presentation by dendritic cells (DCs). 1 ^nature's ad- 
juvant* for eliciting T cell immunity (3). Another Is that 



Abbntximved in this paper: CMS. central nervous system: DCs, dm- 
drfdc cefo: DTH. defcyed-type hype^emidvky; MCM. mooocyte-coo- 
dittoocd medium: RT. revecse transcriptase; TT. tetanus toxoid. 



tumoo-reactive T cells are tolerized by the tumors (1, 4). 
Melanoma provides a compelling setting in which to pur- 
sue a current goal of cancer immunotherapy, the generation 
of stronger tumor-speclflc T ceil immunity, particularly 
with CTLs (4). The majority of tumor antigens identified 
so far are expressed by melanomas (2). Limited antimeUnoma 
CTL responses have been detected (5). and Infusions of IL- 2 
expanded killer cells can lead to rejection of melanoma (6). 

Conventional adjuvants promote antibody rather than 
CTL responses. Therefore, several novel strategies are be- 
ing explored to induce tumor-specific T cell immunity. 
DC vaccination is one of these (3). Immature DCs capture 
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antigens but lack full T celt -stimulatory activity (7). In the 
presence of appropriate stimuli, such as inflammatory cyto- 
kines, the DCs mature. DCs upregulate T cell adhesion and 
costimulatory molecules as well as select chemoklne recep- 
tors that guide DC migration into lymphoid organs for 
priming of antigen -specific T cells. The use of DCs as adju- 
vants Is supported by many animal experiments with pri- 
marily mature DCs (3. 8). These studies have shown that 
the injection of tumor antigen-loaded DCs reliably Induces 
tumor-specific CTL responses, tumor resistance, and in 
some cases, regression of metastases (3. 8). In the few pilot 
trials reported so far for humans. Immature DCs have been 
employed (9-1 1). Scattered tumor responses are reported, 
but evidence for the induction of tumor -specific CTLs by 
DC vaccination has not been shown." 

We have developed a technique to generate large num- 
bers of homogenous populations of mature and stable DCs 
from monocytes in the absence of nonhuman proteins (12. 
13). We are now exploring the use of these DCs as vaccine 
adjuvants in humans. Here we provide the proof of the prin- 
ciple by demonstrating that three intracutaneous Injections 
of Mage -3 A I peptide-puised mature DCs reliably enhance 
Mage-3AlHspecific CD8* and recall CD4* T cell immunity 
In heavily pretreated, progressive stage IV melanoma patients 
with large tumor loads. Expansions of Mage-3M -specific 
CTL responses have not been previously detected after 
Mage-3A1 peptide vaccination in less advanced melanoma 
patients (14), underscoring the potent adjuvant properties 
of DCs. As regressions of metastases also occurred upon 
DC -mediated immunization arid were accompanied by 
CD8 + T cell Infiltration, we propose that the induced 
Mage-3 A 1 -specific CTLs are active in vivo. 



Materials and Methopjs 

Patient Blgibdity Criteria 

Patients were eligible If they suffered from stage EV (i.e.. distant 
metastases) cutaneous malignant tneianoma (1588 American Joint 
Committee on Cancer/Union Internationale Contre Cancer 
pTNK4 staging system] that was not curable by resection and was 
progressive despite chemo(immuno) therapy. Further inclusion cri- 
teria were an expected survival 2:4 mb. Kamofcky index 2:60%. 
age 2:18 yr. measurable disease, HLA-Al positivity. expression of 
Mage-3 gene shown by reverse transcriptase (RT) -PCR In at least 
one excised metastasis, and no systemic chemo-. radio-, or im- 
munotherapy within 4 wk (6 wk in the case of nltrosurea drugs) 
preceding the first DC vaccination- A positive skin test to recall 
antigens was not required. Important exclusion criteria were ac- 
tive central nervous system (CNS) metastasis, any significant psychi- 
atric abnormality, severely impaired organ function (hematological 
tenal, liver), active autoimmune disease (except vitiligo}, previous 
penectomy or radiation therapy to the spleen, ocgan allografts, evi- 
dence for another active malignant neoplasm, pregnancy, lactation, 
or participation (or Intent to participate) in any other clinical trial. 
Concomitant treatment (chemo- or immunotherapy, corticoster- 
oids, investigational drugs, paramedical substances) was prohibited. 
Palliative radiation or surgical therapy of selected metastases and cer- 
tain medications (acetaminophen/ paracetamol, nonsteroidal and- 
Inflammatory drugs, opiates) to control symptoms were allowed. 

V 

1670 Dendritic Ceil Vaccination 



Clinical Protocol and Study Design 

The study was performed at the Departments of Dermatology 
in ErUngen. Wurzburg, and Mainz. Germany according to stan- 
dards of Good Clinical Practice for Trials on Medicinal Products 
in the European Community. The protocol was approved by the 
Protocol Review Committee of the Ludwlg Institute for Cancer 
Research (New York. NY) and performed under supervision of 
its Office of Clinical Trials Management as study LUD #97-001. 
The protocol was also approved by the ethics committees of the 
Involved study centers. . 

The study design is shown in Table II. All patients gave writ- 
ten informed consent- before undergoing a screening evaluation 
to determine their eligibility. Extensive clinical and laboratory as- 
sessments were conducted at visits 1.5. and 8 (Table U) and con- 
sisted of a complete physical examination, staging procedures, 
and standard laboratory values as well as special ones (pregnancy 
test, free testosterone in males, autoantibody profile, and antibodies 
to. HIV- 1/2. human T cell lymphotroplc virus type 1. hepatitis B 
virus, and hepatitis C virus) . Patients were hospitalized and exam- 
ined the day before each vaccination and were monitored for 
48 h after (he DC Injections, Adverse events and changes In labora- . 
tory values were graded on a scale derived from the Common 
Toxicity Criteria of the National Cancer Institute. National Insti- 
tutes of Health, Bethesda, MD. 

Production of the DC Vaccine 

During prestudy screening, we tested a small amount of fresh , 
Wood to verify that appropriate numbers of mature DCs could be 
generated from die patient's monocytes (12). Sufficient DC num- 
bers could be successfully generated in all patients, but In some pa- 
tients the test generation revealed that TNF-o: had to be added to 
assure full maturation. To avoid repetitive blood drawings, we per- 
formed a single leukapherests during visit 2 to generate DCs as de- 
scribed (13): In short, PBMCs from the leukapherests (^1Q 10 nu- 
cleated cells) were Isolated on Lymphoprep n4 (Nycomed Pharma) 
and divided Into three fractions. The first fraction of 10' PBMCs 
was cultured on bacteriological petti dishes (Cat. $ 1005; Falcon 
Labware) coated with human Ig (100 pg/ml; Sandoglobln™; San- 
doz GmbH) In complete RPMl 1640 medium (BtoVWhituker) 
supplemented with 20 pg/ml gentamicin (Refobadn 10; Merck). 
2 mM glutamine (BioWhtttaker), and 1% heat-Inactivated human 
plasma for 24 h to generate mouocyte-<xHKu(iowted medium 
(MCM) for later use as the DC maturation stimulus. The second 
faction of3 X 10 8 PBMCs was used for the generation of DCs for 
vaccination I and deUyed-type hypersensitivity (DTH) test L Ad- 
herent monocytes were cultured In 1.000 U/ml GM-CSF (10 X 
10* U/mg; Leukomax 1 * 4 ; Novartls) and 800 U/ml IL-4 (ptirity 
>98%; 4.1 X L0 7 U/mg in a bioassay using proliferation of human 
[MR* CTLL* GeUGenlx; expressed In Escherichia coU and pro- 
duced under good laboratory practice conditions but verified for 
good -manufacturing practice (GMP] safety and purity criteria by 
us) for 6 d. and then MCM was added to mature the DCs. MCM 
was supplemented In patients 04. 06, 09. 1 1, and 12 with 10 ng/ml 
GMP-rhu TNF-o; (purity >9!3%; S X 10' U/mg in a bioassay us- 
ing murine" L-M cells; a gift of Dr. G.R. Adolf. Boehringer ingel- 
heim Austria. Vienna; Austria) to assure, full maturation of DCs. 
Mature DCs were harvested on day 7. The third fraction of PBMCs 
was frozen in aliquots and stored In the gas phase of liquid nitrogen 
to generate DCs for later vaccinations and DTH tests. 

DCs for vaccinations were pulsed with the Mage -3 A I peptide. 
(15) (EVDPIGHLY. synthesized at GMP quality by Clinalfa) as 
tumor" antigen, and as a recall antigen and positive control tetanus 
toxoid (TT) or tuberculin (if at visit 1 the DTH to TT in the 
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Multitest Merteux was > 10 mm; both purchased from the Bacte- 
rial Vaccines Department of the Statens Scrum Institute. Copen- 
hagen: Denmark). The recall antigen was added at 10 u^/ml for 
the last 24 h, and the Mage-3A1 peptide was added at 10 u-M di- 
rectly to rite cultures for the last 8 h (if immunity to recall anti- 
gens was strongly boosted, the dose of recall antigen was reduced 
to L0 or 0.1 Kg/ml or was omitted for the Intravenous DC in- 
jections to avoid a cytokine release syndrome). On day 7. mature 
DC* were harvested, resuspended in complete medium, washed, 
and puked once more with Mage-3Al peptide (now at 30 pjvf) 
for 60 mln at 37°C. DCs were finally washed and resuspended In 
PBS (CMP quality PBS; BioWhittaker) for injection. DCs to be 
used for Mage-3Al DTH tests were pulsed with Mage -3 A 1 (but 
no recall antigen): DCs that served as negative control in the 
DTH tests were not pulsed at all. An aliquot of the DCs to be 
used for vaccinations was analyzed as described (13) to assure that 
functionally active and mature DCs were generated. The features 
of the DCs are described in Results. Release criteria were typical 
morphology (>95% nonadherent veiled ceils) and phenotype 
(>95% HLA-DR^^CD86^^CD40 + CD25^CDU-and >65% 
homogenously CD83**). 

Immunization Schedule 

A total of five vaccinations (three into the skin followed by 
two intravenously) with antigen-pulsed DCs were given at 14-d 
Intervals (Table H). This design was chosen to explore the toxic- 
ity and efficacy of various routes In this trial For vaccinations 1-3, 
3 X tO 6 DO were given subcutaneously at two sites (1.5 X 10* 
PCs in 500 pi PBS per site) and 3 X 10* intradermal^ at 10 sites 
(3 X 10 s DCs In 100 pi PBS per site). The injection sites were 
the ventrornedial regions of the upper arms and the thighs close 
to the regional lymph nodes and were rotated clockwise: Limbs 
where draining lymph nodes had been removed and/or irradiated 
were excluded. For intravenous vaccinations 4 and 5. a total of 6 
and 12 X 10 s antigen -pulsed DCs (resuspended in 25 or 50 ml 
PBS plus I % autologous plasma) was administered over 5 and 10 
min, respectively. Premedication with an antipyretic (500 mg acet 
aminc^pheryrjaracetaniol p.o.) and an antihistamine (2.68 nig de- 
mastinhydrogertfumarat LyJ was given 30 mln before Intravenous 
DC vaccination- 

EvaluaMon of Immune Status 

ruacaff Aatigenspedfk ProUferatioa and Cytokine Production 
PBMCs were cultured in triplicate at. two dose levels (3 X W* 
and I X 10 5 PBMCs/wefl) plus or minus TT or tuberculin (at 
0.1, I, and 10 Jig/ml) and puJbed on day 5 with Prflthymklihe 
for 12 h. In all cases, the highest cpms were^obtalned with the 
highest doses of PBMCs and antigen and are shown In Fig. 2. 
UL-4 and IFN -y levels were measured In culture media by EIISA 
ffndo^n, Inc.). in a separate plate, staphylococcal enterotoxln 
(SEA: Serva) was added at 0:5, i, and 5 ng/mi, and proliferation 
was assessed after 3 d to provide a positive control for helper T 
ceil viability and responsiveness. - 

firjzynie-flhfcerf [mmanospot. Assay for [FN-y Release (rom Singh 
Antisefi-jpcdGc T Ceffs. To quantltate antigen -specific, fFN-?- 
releaslng. Mage -3A1 -specific effector T cells, an enzyme-linked 
Imniunospot (EUSPOT1 assay was used as described (16). PBMCs 
.{10 s . and 5 X lOVwefl) or in some cases CD8+ or CD4^ T cells 
(isolated by MACS 1 * 4 according to the manufacturer. Miltenyi 
BfcKecJ were added in triplicate to nitrocellulose -bottomed 96 -well 
ptates (MAHA S451Q: Millipore Corp.) precoated with the pri- 
mary antMFN-7 mAb (I -DIK; Mabtech) in 50 pi ELLSPOT 
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medium (RPMl 1640 and 5% heat- inactivated human serum) per 
welL For the detection of Mage -3A I -reactive T ceils, the APCs 
were irradiated T2.AI cells (provided by P van der Bruggen. 
Ludwig Institute of Cancer Research. Brussels. Belgium) pulsed 
with MHC class I -restricted peptides (Mage -3 A I peptide and the 
HIV- 1 pi 7-derived negative control peptide GSEELRSLY) added 
at 7.5 X lOVweU (final volume 100 pi/well). After Incubation 
for 20 h. wells were washed six times. Incubated with blotiny- 
lated second mAb to [FN-y (7-B6-1. Mabtecb) for 2 h. washed, 
and stained with Vectastain Elite kit (Vector Labs.). For detec- 
tion of TT-reactive T cells, TT was added at 10 u^/ml directly to 
the PBMCs (I or 5 X 10 5 PBMCs/flat-bottomed 96 -well plate). 
Assays were performed on fresh PBMCs. Spots were evaluated 
and counted using a special computer-assisted video Imaging analy- 
sis system (Carl Zeiss Vision) as described (16). 

Semiquaotttatlve Assessment of CTL Precursors. The multiple 
mlcrocuiture method developed by Romero et al. (17) was used 
to obtain a semiquantitative assessment of CTLp (precursors) spe- 
cific for Mage-3Al peptide. Aliquot* of (eaten PMBCs were 
thawed and assayed together. CD8 + T cells were isolated with 
magnetk mlcrobeads (MACS™ separation columns; Miltenyi Bio- 
tec) and seeded at lOVwell In 96 -well round-bottomed plates in 
RPMl 1640 with 10% heat-inactivated human serum. The CD8 ~ 
PBMCs were pulsed with peptide Mage-3A1 or the influenza 
PBl control peptide VSDGCPNLY (10 p<g/mi; 30 mln at room 
temperature), irradiated (30 Gy from a cesium source), and added 
as an APC population at lOVwell together with IL-2 (10 lU/mi 
final) and IL-7 (10 rtg/mi final) in a total volume of 200 pi/well. 
On day 7. 100 pi fresh medium was substituted, and peptide 
Mage-3A1 or PBl (I u.g/ml final) and IL-2 (10 U/ml) was 
added. On day 12. each mlcrowell was divided Into three equal 
samples to test cytolytic activity in a standard 4-h 5, Cr-release 
assay on peptide-pulsed (10 p-g/ml for 1 h at 37°C) T2AI cells, 
nonpulsed T2A1 ceils, and K562 target cells, respectively. All of 
the assays were performed with an 80-fold excess of nonlabeled 
K562 to block NBC activity. Microwells were scored positive if 
lysis of T2AI targets with peptide minus lysis without peptide 
was 2:12% and this specific lysis was greater than or equal to 
twice the lysis of T2AI targets without peptide plus six as de- 
scribed (18)- We aimed at testing 30 microwells of 10< CD8* T 
cells. Therefore, 1/30 positive wells equals at least one CTLp In 
3 X 10 5 (Le.. 30 weUs at 10* CTLp per well) CD8* T ceils (cor- 
responding to ~3 X 10 6 PBMCs). 

DTH. DTH to Mage -3 A 1 peptide was assessed by Intra- 
dermal mjectiqn at two sites of each 3 X 10 s Mage -3 A I peptide^ 
loaded DC In 0.1 ml PBS. Negative controls were nonpulsed 
autologous DCs In 0* ml PBS and 0.1 ml PES. DTH to seven 
common recall antigens (Multitest Merieux) including TT and 
tuberculih was performed qn visits 1 . 5. and 8 (Table U). 

Assessment and /Analysis of Tumor Tissue 

For recruitment Into, the study. Mage -3 gene expression In at 
least one metastatic deposit had to be demonstrated by RT-PCR 
as described (14). Accessible superficial skin metastases were re- 
moved whenever possible after the vaccinations and. subjected to : 
Mage -3 RT-PCR as well as routine histology and Immunohis- 
tology (to characterize cellular Infiltrates). . 

Statistical Analysis 

For analysis of the immune response, pre- and postimmuniza- 
tion values were compared by paired t test after logarithmic trans- 
formation of the data. Significance was set at P < 0.05. 



Results 



Patient Characteristics 

All 13 patients were HLA-Al 4 ", had proven Mage -3 
mRNA expression In at least one excised metastasis, and 
suffered from advanced stage IV melanoma. I.e.. distant 
metastases that were progressive despite chemotherapy and. 
in some cases, chemotmmunotherapy (Table 0- We offered 
DCs to all patients who fulfilled the inclusion arid exclusion 
criteria* Le.. we did not select for subsets of patients. Two 
patients (numbers 01 and 03) succumbed to melanoma af- 
ter two and three vaccinations, respectively. 1 1 patients re- 
ceived all five planned DC vaccinations in 14-d Intervals 
(Table U) and were thus fully e valuable. 

Quality of the Vaccine 

All vaccine preparations were highly enriched In mature 
DCs. More than 95% of the cells were large and veiled in . 



appearance, expressed a characteristic phenotype by flow 
cytometry (HLA-DR* * *CD86 * ♦ *CD40 * CD25 + CD 1 4") . 
and acted as strong stimulators of an MLR at DC /T cell ra- 
tios of < 1:300 (13). Most (mean 80%) expressed the CD83 
mature DC marker (19). These features were stable upon 
removal of cytokines and culture for one to two more days. 
(13). The DCs were pulsed with Mage-3Al peptide as a tu- 
mor antigen and TT or tuberculin as a recall antigen. The 
latter were internal controls for Immunization and possibly 
provided help for CTL responses (20). 

Toxicity 

No major (above grade If) toxicity or severe side effects 
were observed In any patient, including the two patients 
who were not fully evaluable. We noticed, however^ local 
reactions (erythema, induration, pruritus) at the latr acuta - 



Table I, Patients' Charadertstia, Status before DC Vaccination, and Response to DC Vaccination 
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Treatment centers: three patients (CM. 08. and 12) were treated in Wuerzburg. two in Mainz (patients 10 and 13). and the others In Eriangen. 
Pcetrartmeot therapy: PCL porychemoimmuno. Preceding excisions and radiotherapies are not listed. 

Metastases at study entry: the number and diameter of the largest metastases present at study entry are listed (number/diameter In millimeters), 
m. mtdrfpie (>3 metastases). 

Survival: (dace onset of stage fV and as of 5 August 1999) is listed as months since onset stage IV until study entry + number of months since study 
entry. 'Patient deceased. 

*CNS metastases were regressing at study entry after gamma knife treatment. 

•"Developed (in part) after study entry. t 
T>etermined by autopsy. 

"Sudden death from bleeding into CNS metastasis on visit 8. 

*Thc regressions of lung metastases in patients 06 and 07 were documented at a staging 3 mo after visit 8. 
mediast.. mediastinum: pancr.. pancreas. 
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neous vaccination sites that Increased with the number of 
vaccinations. In 9/11 patients, strong DTH reactions (in^ 
duration >10 mm In diameter) were noted to DCs carry- 
ing a recall antigen (Flg^ 1). Elevation of body temperature 
(grade I and II fever) was observed In most (9/1 1) patients 
and was. also related to pulsing DCs with recall antigen. 
The most striking example was patient 02. who progres- 
sively developed fever (up to 40°C) upon successive vacci- 
nations but did not show a rise in body temperature when 
TT was omitted for the final (fifth) vaccination We observed 
slight lymph node enlargement, clinically In 63% and by 
sonography In 83% of patients, after the intracutaneous DC 
Injections. Interestingly, these were delayed, being inappar- 
ent during the' 2 d of monitoring after vaccinations but de- 
tected when patients were investigated again the day before 
the. next vaccination (Table IQ. 




lamtsmakgkal fiSespattses - 

. BoosOngofReaU Antigec^ PBMCs that 

had been frozen before vaccination arid 14 d after vaccina- 
tion 5 were thawed and assayed together, as specified in the 
protocol (Table II). In most patients, a significant boost of 
antigen-specific immunity developed to TT (and tubercu- 
lin In patient 10) (P < 0.004; Fig. 2). Supematants from the 
proliferative assays contained large amounts of IFN-7 (mean 
l,67apg/mL range 846-1,325) but little IL-4 (IFNVH-t4. 
317:1). In five patients, we studied the kinetics of the Immune 
response to TT by IFN-7 ELISPOT analysis. We found an 
increase after the intracutaneous vaccinations (P < 0.02) 
but a peculiar decrease after the Intravenous vaccinations (P < 
0.008; Fig. 3). Thus, comparing recall Immunity before and 
after ail five vaccinations (Fig. 2) as prespecified in the protocol 
(Table IQ obviously urnierestimaced the extent of boosting. 



Figure I. Local reactions to. DCs carrying Mage -3 A 1 peptide and TT 
at the intradermal and subcutaneous vaccination sites tn patient 09 (24 h 
after vaccination 2: top panel) and 02 (45 h after vaccinadoo 3; bottom 
panel). Erythema at the 10 intradermal (left) and 2 subcutaneous (right) 
vaccination sites was followed by Induration > 10 mm in diameter (with 
secondary purpura in patient 02). These local reactions represent strong 
DTH reactions to DCs carrying TT. as such strong reactions did not oc- 
cur in response to impulsed DCs or DCs pulsed with Mage -3 A. I peptide 
alone in DTH tests l-Jlt (Table U: reactions not shown). 
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Figure Z. Recall «ncigen-cpedfic immunity (tuberculin In patient 10; 
TT bi all ached) as assayed by andgen -specific proUfcfatjoa. The cpm val- 
ues determined after therapy (14 d after vaccination 5) are shown as multi- 
ples of pCQtherapy cpm values. Absolute cpm (cpm with recall antigen minus 
cpm without antigen) after therapy was 68.917 In patient 02. 85.225 In pa- 
tient 04. 16,759 ta patient 05, 7,913 In patient 06, 16.367 In patient 07. 
107.923 in patient 09. 22.790 in patient 10. 4,507 in patient 12. and 1,831 
in patient 13 (SEM for all measurements was <20%). Patients 08 and I! 
could not be evaluated due to shortage of cells after therapy. 



Expansion of Mage-3 A I -specific CTLp. Aliquots of 
PBMCs, frozen before the first and after the third and fifth 
vaccinations, were thawed at the same time (Table II) and 
subjected to a semlquantitaUve recall assay for CTLp (refer- 
ence 17; Fig. 4). Before vaccination, CTLp frequencies 
were low or undetectable. In 8/1 1 patients, we found a sig- 
nificant expansion of Mage-3Al-speclGc CTLp as indicated 
by the increase (mean, eightfold: P < 0.008) of positive 
microcultures in the multiple microculture procedure em- 
ployed for the semiquantitative assessment of CTLp (17) . 
Interestingly. In six patients, the CTLp frequencies were 
maximal after the three intracutaneous vaccinations (P < 
0.0013) but then decreased after the two additional Intrave- 
nous vaccinations in all but one of these patients (P < 0.026). 
Only in I /l l patients did we observe an Increase of CTLp 
to ah irrelevant PB1 Influenza peptide that served as a spec- 
ificity control (not shown). 



ELISPOT Analysis foe [FN-y-tdeasing. Mage-3A I -specific 
T Cells. We also tried to detect Mage -3 A 1 -specific CTL 
effectors in uncultured fresh, nonfrozen PBMCs by per- 
forming ELISPOT analyses at 14-d intervals on all patients. 
A significant Increase of Mage-3 A I -reactive I FN -7 spot- 
forming cells was apparent only in patients 07 and 09 after 
the first and second vaccinations:, respectively, but the fre- 
quency of Mage-3 A I -specific effectors was very high" 
(~5.000 and 10.5O0/1O 7 CD8* T cells: not shown). 

DmTesttoMag^3Al PepMe-haded DCs. Tests of UTH 
to Mage-3 A 1 peptide-loaded DCs yielded erythema and/or 
induration (>5 mm diameter) In 7/1 1, patients (not shown). 
The results were, however, equivocal due to the frequendy 
observed background to nonpulsed DCs (up to 10 mm in 
diameter) and the variability from test site to test site. 

Clinical Responses 

At the end of the trial Le.. ~2 wk after the fifth vaccina- 
tion CTable 10. we observed temporary growth cessation of 
some Individual metastases, but more intriguingly. in 6/11 
patients, complete regression of Individual metastases in 
skin, lymph nodes, lung, and liver fTable I and Fig. 5). 
Resolution of skin metastases was found in three patients 
(Table I. patients 06. 07. and 08) and in two of them (06 
and 07). It was preceded by local pain, itching, and slight 
erythema. The six regressing skin lesions of patients 06 and 
07 (Table I) were abo excised and examined by immuno- 
histology. Clusters of CD8* T cells were seen around and 
in the tumor, the latter often necrotic, suggesting an im- 
mune attack (Fig. 6). 

In patients 06 and 08, the metastases excised at study 
entry (four and two. respectively) proved to be Mage-3 
mRNA*. However, all of the samples removed at the end 
(two and six. respectively) were Mage-3 mRNA~~, suggest- 
ing ImmurK^ectlon for antigen -negative tumor cells. Re- 
markably, significant infiltration of CD8* T cells was not 
found tn any of these lesions. -* 

Discussion 

In deciding on the source of DCs for this phase I trial, 
we selected mature, manocyte-dertved DCs for the follow^ . 



0^ 
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Figure 3. Kinetic analysis of immunity to recall antigens 
as assessed by TT-spedftc fFN-v EUSPOT (SEM for all 
measurements was <Z0%). Blood .was drawn (see Table IT. 
Study Design) before the flrst DC vaccination and then evr 
ery 14 d Just before administration of the next DC vacci- 
nation (e^>.. pre Vacc # Z means Immed lately before vacci- 
nation 2. I.e.. 14 d aiier vaccination 1). and finally after 
therapy. Time points at which vaccinations were not per- 
formed lack bars. Note the Increase after the Intracutane- 
ous vaccinations and the decline upon the two vaccina - 
dons after intravenous ones. Patient 10. who received 
tuberculin -pulsed DCs. exhibited no significant change In 
the TT-speclfic ITN-Y ELISPOT as expected. 
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Figure 4. Mage-3A 1 CTLp frequency analysis as as- 
sessed by semiquantitative recall assay. The y-axls and the 
numbers above the bars Indicate the percentage of positive 
wetb found before vaccination 1 . before vaccination 4 {14 d 
after vaccination 3). and after therapy (usually 14 d after 
vaccination 5). 



ing reasons. Monocyte -derived DCs currently represent 
the most homogenous and potent DC populations, with 
several defining criteria and quality controls (12. 13. 21). 
The method for generating production of these DCs is 
very reproducible and allows the crybpreservation of large 
numbers of cells at an identical stage of development (12. 
13). Furthermore, these DCs can be produced in the ab- 
sence of potentially hazardous FCS (12. 13. 21). FCS expo- 
sure also leads to large syngeneic T cell responses In cul- 
ture, so their clinical use (1 1) might produce nonspecific 
lnimunostlmulatory effects. Unlike other investigators (9-11). 
we chose to use mature rather than immature DCs for our 
first melanoma trial The DCs that have been used with ef- 
ficacy in animal experiments were primarily mature (3. 8). 
Mature DCs are much more potent In inducing CTL and 
Thl responses In vitro (reference 22 and Jonulelt, H., A. 
Gleseke. A. Kandemlr. L. Paragnlk* h Knop. and A.H. 
Erik, manuscript in preparation), and the DCs are also resis- 
tant to the Immunosuppressive effects of IL-lO (23) that 
can be produced by tumors (24-26). Mature DCs also 
display an extended half-life of antigen-presenting MHC 
class I (26a) and class LI molecules (27). Finally, mature 
DCs have a high migratory activity (21) and express CCR7 
(28). a receptor for t^rhoklnes produced constitudveiy In 



lymphoid tissues (28), Mature DCs. as used in this cancer 
therapy trial, have recently also been shown to rapidly gen- 
erate broad T cell immunity In healthy subjects (28). 

Mature DCs were loaded with only one melanoma pep- 
tide. Mage-3A1« to avoid uncertainties regarding loading of 
DCs with multiple peptides (1 1) of varying affinity and off 
rate. Successful loading was verified with a Mage-3 A I -spe- 
cific CTL clone and ELISPOT analysis (not shown). The 
Mage-3Al peptide (15) was selected for several reasons. It is 
essentially tumor specific (2) and expressed in tumors other 
than melanoma (2). and the Mage-3A l epitope Is likely a re- 
jection antigen (14). Moreover, the Mage-3Al CTLp fre- 
quency Is exceedingly kjw in noncancer patients (reference 
18: 0.4-3 per 10 7 CD8+ T cells) as well as In cancer patients, 
even after peptide vaccination (14). Thus, any induction or 
boost of Mage-3Al CD8+ T cell responses would indicate a 
significant superiority In the adjuvant capacities of DCs. 

DTH assays with peptide -pulsed DCs were carried out 
as described by Nesde et al. (11) to detect Mage -3 Al im- 
munity (not shown). However, we did not detect un- 
equivocal DTH. This was due to the frequently observed 
background to nonpulsed DCs (possibly due to cytokine 
production by PCs) and the noteworthy variability from 
test site to test site; As Ma^-3Al^rieclflc Tcelis are CD8 + 




Figure 5. Regression (arrows) of a globular (13 
mm in diameter) lung metastasis In patient 07 chat 
was then no longer detectable in serial 6-mm-thick 
computed tomography scans. 
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Figured. Reg^sdngsubcutanoomroebsu^Hn 

ixxheorfcal staining with «nU-CD8 cnAb) that surrounds (A) and infiltrate* (B) the tumoc Areas of damigerf (B. ★) and oecrocic (C, *J cnetanoma ce& are ob- 
vious la the vicinity of the CDS* T oett infiltrate. The metastasis expressed Mage-3. as demonstrated by RT-PCR (data not shawrO Magnifications: A. 100; B. 
250;C.l6O. 



T cells and DTH assays typically detect p timed CD4* T 
ceils, we suspect that DTH to MHC class I peptide-pulsed 
DCs may also for this reason prove not to be a sensitive or 
reliable way bo monitor specific CD8*T cell-mediated Im- 
munity. 

In contrast, we found sizable expansions of Mage-3Al- 
speclflc CTL precursors In PBMCs from a majority (8/1 1) 
of patients (P < 0.008; Fig; 4). This is an Important proof 
of the principle of DC-based Irnxnunlzation. and it Is also 
significant from the point of view that tumors can induce 
• tolerance or anergy. It is very promising that CTLp expan- 
sions can be Induced in far advanced and heavily pretreated 
stage IV melanoma patients: However, active Mage-3Al- 
specific eftectors were generally not observed In ELISPOT 
assays, except for in two patients with high frequencies 
(>5.Q00/10 7 CD8* T cells). Perhaps active CD8+ effectors 
were rapidly sequestered In the numerous metastases, as 
suggested by the biopsy studies Illustrated in Fig. 6. An al- 
ternative explanation is that looking for effectors In periph- 
eral blood 14 d after a preceding vaccination might simply 
be too late. 

: Interestingly, In six patients. CTLp had increased to their 
highest levels after the three intracutaneous vaccinations 
(P < 6.0013) and then decreased (P < 0.026) with subse- 
quent Intravenous Immunizations (Fig. 4). The decrease In 
CTLp might be due to emigration of activated Mage-3- 
reactlve CTLs into tissues, tolerance induction, or clonal 
exhaustion via the intravenous route. We also observed de- 
creased responses to recall antigens in the five patients that 
we studied before and aftef Intravenous vaccination (Fig. 3). 
The effect of the intra venous route requires additional 
study, as It may be cotmterproduotlve. In contrast, our re- 
sults dearly demonstrate that the Intracutaneous route Is ef- 
fective, so that the less practical intranodal Injection propa- 
gated by other Investigators (1 1) does not seem essential. It 
will, however, be necessary to cornpare subcutaneous and 
intradermal routes to find out If one is superior. 



We found regression of individual metastases in 6/1 1 pa- 
tients when patients were staged 14 d after the fifth vacci- 
nation (Table I). This percentage of responses was unex- 
pected in far advanced stage TV melanoma patients who 
were all progressive despite standard chemotherapy and 
even chemolmmunotherapy. In the study by Nestle et al. 
(11), chemotherapy was only given to 4/16 melanoma pa- 
tients, and objective tumor responses were observed In* 
5/16. Therefore, we attribute the regressions to DC-medi- 
ated induction of Mage-3 A l-specific CTLs~ This Interpre- 
tation is supported by the heavy Infiltration with CD8"*" T 
cells of regressing but not nonregressing (skin) metastases. 
The observation that all of the metastases In patients 06 and 
08 that were excised at the end of the study were Mage-3 
mRNA~ (whereas those removed at the onset were uni- 
formly positive) suggests Immune escape of and selection 
for Mage-3 antigen-negative tumors. Immune escape 
might also have been responsible for the lack of tumor re- 
sponse In those nonresponders that had mounted a Mage- 
3A Wpeclflc CTL response. 

After the end of the trial, surviving patients received fur- 
ther vaccinations with DCs and several tumor peptides 
(Mage-1. tyrosinase, and Mage-3) that were no longer part 
of the protocol. It Is encouraging that 5/1 1 patients are still 
alive (Table 0 9-17 mo after study, entry, as the expected 
median survival In patients progressive after chemo(lm- 
muno) therapy is only 4 mo (29, 30). One of the Initial re- 
sponded (patient 06) has recently experienced a complete 
response and has now been disease free for 2 mo. It Is inter- 
esting that Marchand et al. (14) have also observed that re- 
gressions, once they have started, proceed slowly and may 
take months to complete- 
In conclusion, the use of a defined DC vaccine com- 
bined with detailed immunomohitoring provides proof that 
vaccination with mature DCs expands turrK>r -specific T 
cells In advanced melanoma patients. In addition, we have 
found some evidence for the direct interaction between 
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CD8* CTLs and tumor cells as well as for escape of antigen- 
negative metastases. We are convinced that DC -mediated 
Immunization can be Intensified further to reveal the pres- 
ence of expanded populations of effector cells. Efficacy might 
be Increased at the level of the DC. e.g.. by optimizing 



variables such as DC maturational state, route, dose, and 
schedule or by improving the short life span of DCs in vivo 
(31. 32): at the level of the T celt e.g.. by providing niela- 
noma-speclftc CD4 + T cell help (33. 34) or IL-2 (35): and 
by treating patients earlier in their disease course. 
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The response of murine T cells to M I IC class II determinants on allogeneic cells induces helper 
Tcctl activation and the development of cytotoxic T cells. We have recently established that an 
A'-adcnosyl-L-homocyslcinc hydrolase inhibitor, (Z)-5'-nuoro-4',5'-didchydro-5'-deoxyadenosinc 
(MDL 28,842). is a potent immunosuppressive agent which selectively inhibits T cell activation. 
In this report we characterize the effect of MDL 28,842 on m y/7roand in vivo models of transplant 
rejection. In vitro. MDL 28,842 inhibited the generation of cytotoxic T cells in the murine mixed 
lymphocyte reaction with an IQo of less than 0.1 \iM. MDL 28,842 (L0 ftM) totally inhibited 
the generation of cytotoxic T cells when added up to 3 days afier the initiation of culture with 
no apparent cell toxicity. /// vivo. MDL 28,842 given by gavage at 5.0, 2.5, or 1.0 mg/kg/day 
inhibited the increase in popliteal lymph node weight induced by injection of allogeneic spleen 
cells into the footpad. MDL 28,842 was also evaluated in a model of graft rejection. Skin allografts 
on animals given MDL 28,842 at 5 mg/kg/day (ip) for the first 6 days following transplantation 
survived for 12.2 days, compared to 8.7 days for control animals. Cyclosporin A (CSA) given at 
5.0 mg/kg/day did not prolong graft survival. The combination of MDL 28,842 and CSA was 
not any more cllectivc than MDL 28,842 alone. Based on ihcsc findings, we suggest that MDL 
28,842 is useful in the prevention of allograft rejection. © I99J Academic Press, inc. 

INTRODUCTION 

The immune response of T cells to foreign MHC determinants is the basis for 
transplant rejection (I). Agents which inhibit T cell activation, such as cyclosporin A 
(CSA) and FK-506, are effective in preventing allogeneic graft (allograft) rejection (2, 
3). We have recently demonstrated that a potent irreversible mechanism-based inhibitor 
of S-adenosyl-L-homocysteine hydrolase (AdoHcyase), (Z^'-fluoro-^S'-didehydro- 
5'-deoxyadenosine (MDL 28,842) (4, 5), selectively inhibits T cell activation and the 
production of inlericukin-2 (6). Although the precise mechanism by which this com- 
pound allccLs T cells is unknown, MDL 28,842 increases the intracellular concentration 
of S-adcnosyl-L-homocystcinc (AdoHcy), produced during the metabolism ofS-ad- 
enosylhomocystcinc (AdoMet) (7). AdoHcy is a feedback inhibitor of the AdoMet- 
dependent transmethylation of a variety of biomolecules, among them nucleic acids 

1 To whom correspondence should be addressed. 
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and proteins (8-10), and therefore could affect lymphocyte activation. In humans, a 
congenital deficiency in another enzyme in the pathway of AdoMet metabolism, aden- 
osine deaminase (ADA), results in severe immunodeficiency, with the most consistent 
feature being T cell dysfunction (11-13). MDL 28,842 inhibits T cell activation without 
the toxicity associated with inhibition of ADA (14, 15). 

In vivo, we have recently demonstrated that MDL 28,842 is effective in two T cell- 
mediated experimental animal models of arthritis, collagen-induced arthritis in mice, 
and adjuvant arthritis in rats (16). In the present study, we demonstrate that MDL 
28,842 inhibits the development of cytotoxic T cells in the mixed lymphocyte reaction, 
an in vitro correlate of transplant rejection. In addition, we demonstrate that MDL 
28,842 inhibits the T cell response in the draining lymph nodes of animals immunized 
with allogeneic cells. In addition, MDL 28,842 is more effective than low-dose CSA 
in prolonging allogeneic skin graft survival in mice. 

MATERIALS AND METHODS 

Animals. Inbred mice, C57BL/6 (H-2 b ), C3H/HeJ (H-2 k ), DBA/2 (H-2 d ), and BALB/ 
C (H-2 d ) were obtained from Jackson Labs (Bar Harbor, ME). 

Reagents. CSA was obtained from Sandoz (Hanover, NJ). MDL 28,842 was syn- 
thesized at the Marion Merrell Dow Research Institute (4, 5). 

Generation of cytotoxic T cells. Spleens were obtained from C57BL/6 and DBA/2 
mice and single-cell suspensions made in Hanks* balanced salt solution (HBSS, calcium 
and magnesium free). Erythrocytes were lysed by treatment with Tris-buffered am- 
monium chloride (0.155 MNH 4 C1, 0.0165 MTris, pH 7.2) at 37°C The stimulator 
population (DBA/2) was irradiated (3000R) and both responders (3 X 10 7 ) and stim- 
ulators (3 X I0 7 ) were cocultured in T25 flasks at 37°C, 5% C0 2 in RPMI 1640 
containing 10% FCS and 5 X 10" 5 2-ME (CM). MDL 28,842 was added at the beginning 
of culture or at times indicated. After 5 days, viable cells were recovered and assayed 
for cytotoxic effector cells in the 5, Cr release assay. 

51 Cr release assay. P815 tumor cells (H-2 d ) were used as targets. The cells were 
labeled with 5l Cr (10 /xCi/10 6 cells) at 37°C, 5% C0 2 for 1 hr in CM. Washed target 
cells (10 4 ) were added to effector cells (in triplicate) in a 96-well round-bottom plate 
in a final volume of 100 jtl. Effectontarget cell ratios began at 25:1. The plate was 
centrifuged at 50g for 5 min and incubated at 37°C, 5% C0 2 for 4 hr. Target cells 
were incubated with CM alone for spontaneous 5l Cr release and with 1% SDS for 
maximal release. Following incubation, the plate was centrifuged once more, the su- 
pernatant fractions were collected, and released 5I Cr radioactivity was determined in 
a Beckman gamma counter. The percentage specific lysis is expressed as: 

10 q x Experimental cpm released - spontaneous cpm released 
maximal cpm released - spontaneous cpm released 

Fluorescence microfluorometry. CD8-positive cells were stained with a fluorescein- 
ated anti-Lyt-2 antibody (Becton-Dickinson, Mountain View, CA) and analyzed on 
a Coulter Epics C (Hialeah, FL) flow cytometer. 

Popliteal lymph node assay. Spleen cells from BALB/C (H-2 d ) and C57BL/6 mice 
obtained as described above were irradiated (2000R) and 10 7 cells from each strain 
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(in 50 p\ PBS) were injected subcutaneously into each hind footpad. Seven days later 
animals were sacrificed and popliteal lymph nodes (LN) were removed and weighed. 
The net LN weight represents the weight of the LN draining the footpad injected with 
allogeneic cells minus the weight of the LN draining the syngeneic cell-injected footpad. 
MDL 28,842 at the indicated doses was given orally beginning 1 day prior to the 
spleen cell injections and continuing daily throughout the study. 

Allogeneic skin transplantation. Skin from C57BL/6 or C3H/HeJ mice was trans- 
planted onto BALB/C mice using a free skin grafting technique ( 1 7). Recipient animals 
were given compounds, intraperitoneally, 1 day before transplant, the day of transplant, 
and daily for either 6 days or until rejection of the graft. Mice were monitored daily 
for rejection. Rejection was determined by observation in situ and grafts were consid- 
ered rejected when at least 50% of the graft's epithelium was visually destroyed. In 
addition, a representative graft from each group was prepared for histology and ex- 
amined microscopically for rejection. 

RESULTS 

Effect of MDL 28M42 on the generation of cytotoxic cells in the mixed lymphocyte 
reaction. MDL 28,842 was added to mixed lymphocyte reaction cultures at the in- 
dicated concentrations at the initiation of culture. Five days later, viable cells were 
harvested and cytotoxic T cell generation was measured by the lysis of 5, Cr-labeled 
target cells. The results are presented in Fig. 1. MDL 28,842 was a potent inhibitor 
of cytotoxic T cell generation. The IC 30 for this activity was less than 0.1 fiM. The 
decreased cytotoxic T cell activity observed in cultures incubated with MDL 28,842 
correlated with a decrease in the percentage of cells in the cultures expressing CD8, 
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EFFECTORTARGET RATIO 
FtG. 1 . Inhibition of cytotoxic T eel! generation in the MLR by MDL 28,842. Cultures of C57BL/6 spleen 
cells (H-2 b ) and irradiated DBA/2 spleen cells (H-2 d ) were incubated in the absence of compound (iJ), or 
in the presence of 0.1 (□), 1.0 (BB), or 10 fiM{M) MDL 28,842. Cytotoxic T cell activity against "CMabeled 
P815 tumor cells (H-2 d ) was measured 5 days later. 
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the cytotoxic T cell phenotype (data not shown). In subsequent experiments, MDL 
28,842 was added after the initiation of culture to determine how late the compound 
could be added and still be effective. As shown in Table I , the addition of MDL 28,842 
(1.0 nM) up to 3 days after initiation of culture completely inhibited the generation 
of cytotoxic T cells. When the compound was added on Day 4 of the 5-day culture, 
cytotoxic T cell activity was observed, but it was substantially lower than the controls. 

Inhibition of allogeneic response in the popliteal lymph nodes. BALB/C mice were 
dosed with MDL 28,842 by gavage at 5.0, 2.5, or 1 .0 mg/kg. One day later they were 
injected in the footpad with 10 7 irradiated allogeneic (C57BL/6) spleen cells. The 
contralateral footpad received 10 7 irradiated syngeneic spleen cells. Mice were dosed 
with MDL 28,842 daily. Seven days after immunization, popliteal lymph nodes were 
isolated and weighed. In this assay, the weight correlates with the number of mono- 
nuclear cells and is related to the ongoing host versus graft T cell response (18, 19). 
The results are shown in Fig. 2, Treatment with all of the doses of MDL 28,842 
inhibited the in vivo enlargement of the popliteal lymph nodes in response to allogeneic 
cells. Although the mean net weights observed in each treatment group suggests a 
dose-response, the groups were not significantly different. At the concentrations tested, 
all were potent inhibitors of this T-dependent response. 

Effect of MDL 28,842 on skin allograft survival. Mice (8 per group) were given 
MDL 28,842 or CSA at 5.0 mg/kg (ip) beginning 1 day prior to skin transplantation 
and continuing for 6 days. The results are shown in Fig. 3. Control animals rejected 
skin grafts by an average of 8.7 days after transplantation. At 5 mg/kg, cyclosporin A 
had little effect. In contrast, MDL 28,842 prolonged skin allograft survival, with re- 
jection delayed until 12.2 days after transplantation. Interestingly, mice given both 
MDL 28,842 and CSA rejected skin transplants earlier, on average, than mice given 
MDL 28,842 alone. 



TABLE 1 

Inhibition of the Development of Cytotoxic Effector Cells by MDL 28,842: Effect of Adding the 
Compound after Initiation of Culture 



% Specific lysis' 



Experimental 
group* 


Compound 
addition* 


50:1 


Effectontarget ratio 
25:1 12.5:1 


6.25:1 


C57BL/6 




0 


0 


0 


0 


C57BL/6 X DBA/2 




52.9 


65.3 


52.9 


25.2 


C57BL/6 X DBA/2 


Day 0 


0 


0 


0 


0 


C57BL/6 X DBA/2 


Days I, 2, and 3 


0 


0 


0 


0 


C57BL/6 X DBA/2 


Day 4 


30.4 


25.7 


10.1 


1.3 



a C57BL/6 spleen cells were incubated with irradiated DBA/2 spleen cells for 5 days at which time viable 
cells were harvested. Recovered cells were incubated for 4 hr at 37°C with 5, Cr-labeled P815 tumor cells 
(H-2 d ). 

b MDL 28,842 (1.0 fiM) was added at the indicated times after the initiation of culture. 
e C57BL/6 spleen cells were cultured with 5, Cr-!abeled P815 tumor cells at the indicated effectontarget 
ratios. 
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Fig. 2. MDL 28,842 inhibits lymph node enlargement stimulated by the transfer of allogeneic spleen 
cells. BALB/C mice (H-2 d ) were injected with irradiated C57BL/6 spleen cells. Compound treatment was 
begun 1 day prior to injection (N = 6/group). 



DISCUSSION 

Inhibition of T cell activation, by agents such as cyclosporin A and, more recently, 
FK-506, has greatly increased the survival of tissue transplants (2, 3), although these 
compounds are not without side effects (20-22). MDL 28,842 is a compound which 
has been demonstrated to selectively inhibit mitogen-stimulated T cell activation in 
vitro and T-dependent antibody synthesis in vivo (6). In addition, MDL 28,842 is 
effective, both prophylactically and therapeutically, in the treatment of collagen-induced 
arthritis, a T cell-dependent experimental model of autoimmune disease (16). The 
precise mechanism by which MDL 28,842 mediates its effects is unclear. The com- 
pound was designed as a potent irreversible inhibitor of AdoHcyase, an enzyme in 
the pathway of S-adenosylmethionine metabolism (4, 5). Inhibition of AdoHcyase 
results in an accumulation of AdoHcy and the feedback inhibition of methyltransfer- 
ases. These are involved in the methylation of a number of intracellular constituents, 
among them messenger RNA, important for cell activation (7-10). Lymphocytes seem 
to have a greater requirement than other cell types for methylation (23). There are 
other possible mechanisms by which inhibition of AdoHcyase could inhibit T cell 
activation. Depletion of homocysteine, the product of AdoHcyase-mediated reactions, 
would indirectly inhibit nucleotide synthesis by preventing the conversion of 5-meth- 
yltetrahydrofolate to tetrahydrofolate (24), which is required for folate-dependent pu- 
rine and thymidylate synthesis (25). AdoHcy, which builds up in cells incubated with 
MDL 28,842, is also an inhibitor of PI synthase and therefore could inhibit second 
messenger signaling early in T cell activation (26). This possibility is not likely, since, 
in this report, we have shown that MDL 28,842 is effective in inhibiting the devel- 
opment of cytotoxic T cells in vitro when added as late as 3 days after the initiation 
of a 5-day mixed lymphocyte culture. 
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Fic. 3. MDL 28,842 prolongs allogeneic skin graft survival in mice. Comparison with CSA. The rejection 
of skin from C57BL/6 mice transplanted onto BALB/C mice was delayed in animals treated with MDL 
28,842 at 5 mg/kg/day ip for 6 days compared to controls. CSA at 5 mg/kg/day ip did not prolong graft 
survival compared to controls and did not enhance the effect of MDL 28,842. (N = 8/group). 



In vivo, MDL 28,842 also inhibited alloantigen-mediated T cell activation. The T 
cell dependent host versus graft response in the draining lymph nodes of mice injected 
in the footpads with irradiated allogeneic cells was reduced in animals treated with 
the compound. In addition, MDL 28,842 was more effective than CSA in prolonging 
allogeneic skin graft survival in mice. Preliminary studies suggest that MDL 28,842 
also inhibits heart allograft rejection in rats (unpublished observations). The data pre- 
sented previously (6, 16) and in this report demonstrate that MDL 28,842 is a potent 
immunosuppressive agent which inhibits T cell-mediated responses and may be useful 
in the prevention of transplant rejection. 
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TFPOXALTN A NOVEL IMMUNOMODULATORY COMPOUND, 
SWERVES IN SUPPRESSION OF GRAFT- VERSUS- 

HOST REM^T^N AND ALLOGENEIC SKIN GRAFT REJECTION 

Wai-Ping Fung.] WW*. 1 Barbara. L. Fdra. Erik* Choukmouzis, £J! 

7%c K.W. Jonason PAoitnofculwl tocarc/. Wfci/fc. "on Mills. Ontario M3C 113. Canada 



Tcpoxalui, a dual 5-lipAxyiJenflSO and cyclooxygen- 
asu inhibitor with nonsteroidal antiinflammatory ef- 
fect, has recently been shown to suppress NFkB 
traneaefcivation and inhibit T cell proliferation via a 
mechanism very different from cyclofipormc (CsA). Iu 
tlii*! report, wo demonstrate that this novel immuno- 
sappn*s\*c effect of tepoxalin Ls mariife«ted in in vivo 
transplantation models. Ten ox Aim suppressed murine 
splocn cell proliferation in a mixed lymphocyte reac- 
tion (MLR) wftU *n lO fl0 of 1.3 pM. Coadministration of 
te-poxalin and C*A U\ MLR cultures showed an addi- 
tive inhibitory effect. Oral administration of ieposnlin 
at 12 mg/kg/day to mice .suppressed local tfraft-versu*- 
hoal (GVTI) responses by about 40% (n=I0). Combina- 
tion of topoxalin and CsA at $ul>optimal doses s y™£ 
good their Immunosuppressive effects on GVH 
response (n=^0). In skin transplantation, the median 
survival time of allogeneic UALB/cByJ (H-2*) mouse 
Skm rafted onto C3H/HeJ (H-2 k ) mice was 10.5 days 
{tx^Sh and was prolonged to 15.0 days (n=9) for recip- 
ient mice administered tepoxalin nt 50 mg/kg/day. Co- 
administration or suhoptimal dosea of tepoxalin (12.5 
WfiAc^day) and CsA (50 mg/kg/day) prolonged skm 
graft rejections dramatically (55% of the grafts sur- 
vived for more than 40 days, n=0). Taken together, 
thwe results demonstrate that tepoxalin is a potent 
immunomodulatory compound that, when combined 
with CsA, provides synergistic immunosuppressive ac- 
tivity. The fact that tapoaailm and CsA act on different 
transcription factors, NFftH and NFAT respectively, 
might explain the synerpstic Kupprcssive effects 
whe-n both compounds were used. Tepoxalin could be 
an important addition to the cohort of immunosup- 
pressive therapies currently used in solid ortfun and 
bone marrow transplantations. 

The immune response in transplantation, which results in 
£/aa rejection and graft-versua-host (G\W response! is pri- 
marily tritf£orod by T cells through recognition of alloanti- 
f'enj (1-4). Suppression of immune response could be 
achieved usinc agents interfering with T cell activation and 
director functions, 'flic use of cyclosporinc (CsA) as an immu- 
nosuppressant in transplantation has boon documented (i?, 
0i CsA inhibits T cell activation by inhibiting the nuclear 
translocation of the nuclear factor NFAT (7, 8). However, 
CgA has associated tonicities and side oflfocts when used at 

1 Audrey con-e/snoncfoncc to Dr. Wai-?iug I'uac-Uunff, The RAV. 
Jghiuan Pharmaceutical Reacmrrh Institute, 3f>35 General Atomico 
Cuurt, Suite 100, Snn Dic^o, CuUfornia 92121. 

♦Abbreviations: CsA, cyclosporin; CO, cyclooxygennse; GVH, 
4rjift~v«rtiu*haftt: LO. 5-lino.Trccnosc; M.LH, mWcd lymphocyte re- 



thornpeutic dosos (9). Compounds that suppress T ccll-roe- 
diatcd immune response with mechanisms different from 
that of CsA will undoubtedly be valuable additions to the 
cohort of the current regiments. 

Tepoxalin (5 .[4-chlorophonyl]-N-hydroxy-[4 -rncthoxyph c- 
nyll-N-methyl-l-H-pyra*^ole-3-propanamide) was discovered 
originally as a dual inhibitor of 54ipoxyi;ena$e (LO) and 
cyclooxygeriaso (CO) and exhibits potent nonsteroidal antiin- 
flammatory activities in aniirial models of adjuvant arthritis 
(10-12). Recently Ave -found that topoxASfo *lfco inhibits. - 
OKT3-induced T cell proliferation via a mechanism very dif- 
ferent from that of CaA (13). CsA is known to block IL-2 
production aOer activation of T cells through TCR/CD3, 
whereas tepoxalin inhibits 1I/-2 induced signal transduction 
(13). An in-d?pth investigation of the mechanism of action 
reveals that tepoxalin inhibits predominantly. NF«B activa- 
tion (If), whereas CsA is most effective in blocking NFAT 
transactivation (7, 8). Because of these different mechanism 
of actions, a possible ndditive/synergistic effect of the com- 
bined tepoxalin and CsA treatment is expected. In this re- 
port, we demonstrate that tepoxalin is indeed effective in 
suppressing mixed lymphocyte reactions (MLU), GVH re- 
sponses, and alloffonric skin graft rejections in mice. The 
synergistic effect of tepoxalin and CsA in immunosuppres- 
sion was also studied. The possible mechanism of tepoxalin in 
immunosuppression and its potential clinical application are 
discussed. 

. , : MATERIALS AND METHODS 

Afire. Inbred- C57BIV6J, CSIWfcJ, and BAl.TVcllyJ mice and 
BGP^FyJ mice .were obtained froia the Jaekfinn Laboratory. (Bar 
Flarbor, M£). ThoKC UHcd in experiments were male mice at about 
6 -10 weeks of age that weighed 18-25 gs. 

Preparation of /erf compounds. Tepoxalin, naproxen, andzikuton 
were aynthesued by the R.W. Johnson Hiarinaseuucal Kest;irch 
Institute (Raritan, NJ). CsA (Sandimmune i.v.) was from San«3« 
(Qycbec, Canada). For Mf.R e^rimcnts, stock solutions of fc?po*a- 
lin naproxen, and zikuton were prepared in DM50 at 30 mM and 
ailuted to working concentr^Uona in culture medium at the time of 
experiments. D&SO at concentrations equivalent to thnsa of the test 
compounds Wrc used as controls in M LR Sasays. For experiment of 
GVH respooscs and sidii graft rejections, micronized Ispoxahn o:id 
naproxen were suspended in O.S% mcthylcellulosu (Sifinu, St Uv^a, 
MO) at concentration* of 6 rag/ml or lower. Tho vehicle control vjas 
the equivalent volume of 0.5% mcthylceliulose. Zilouton was dis- 
solved in 50% polyHLhylcne glycol 200 (Siimta. Su Louis, MO), aud 
the carres^ndihV vehicle control wac the equivalent volume of po.y- 
ctliylf.no tdyeol'260. CsA was diluted in saline. All compound?, wore 
dissolved in vehicle just prior to odminletralicpn to mice at volumes of 
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/a-«jsA«q*! prolifcruthn aswyj. Singlc-call suspensions from 
moose were w^.hori onca with H*S and then rcsuspcnd«d m 

RV'Ml 16.10 medium supplemented with Gtt fetal bovino scrum and 
50 ,,M ^mrrcaptocthanM. R<*pondcr spUw (2.5x100 from 
G57HU-J mice (H-S b ) wore stimulated by 2,5X10'' irradiated (2000 
radsl «iU» f '°™ naTOP,/J mice tf«-n The respondcr and 

the rtimulatar cell* *mtc cocultured in 2*0 ,<i medium containing 
various concentration* of the t^tr.d compounds in Ihc 96-wc1li»lalns 
(round bottom wells, Comma Inc., NY). After 5 dayu of stimulation, 
^-thymidine woa added to the certain* (0.5 ,<,Ci per well) for 4 ^hr. 
rtv:<* w<re harvested urine a Ttmitcc ItniwU-r 96. MACII IT 
( ftmLsc Inc., OiTiinge, CT ) and dimples wore counted u*i nc a Wallae 
)205 EfelapUtc ocintfllation counter (Pharmacia, UppwU Sweden). 

Cell mnhility t^L Cell viability was nucsscd with iKo MTT assay. 
Spleen cells from C57HIJ&T mico were prepared in Kl'Ml 1010 mc 
ih'ntsi supplemented wiLh 6% fetal hovino svnim and 60 ,tM 2-mcr- 
eapfaicthAnol. Spleen culla QXltffwdll were stimulated with immo- 
bilized anti-CUU (Phnrminf,'un) in the proKcucu of tepnxahii or Us 
vehicle fJMSO in 96-wdl culture plates (Cornim: Inc., NY). 1 he MTf 
amy vai conducted by uaing the Cclltiter 90 Kit (Womcpa Corp.), 
which is boscd on tho conversion of a tclrazolium salt by viable cells 
into a detnctnhlo hlue foroanzan. 

Graft-vwus-host reaction*. The OVH n*w*y *ad based on the 
method cf Dorsch and Ilnacr (/$>. Spleen culls from C57BL/6J bucc 
xvoiv. itijr*tcd Mibeutanooualy into the footpad* of B6D2r\/J mice. 
' "Kaeh fontpad */ft* injected with 8x10* cplocu cell* in 50 jj. Seven 
dayK 'Utei." the dfolninir popliteal lymph^ nodes .were removed,., 
trimmed of fat *nd weighed. Mice mjeelcd in the footpad* with saline 
were uiwd as native control*. Lymph nodes of these mice wora 
utdl-itinm.iohnhlft from thoso injflrted with svnecneic spleen cells. 
Tffcnrnlm wan administered orally and CsA was given subaiUns- 
ously to tiiieo d.uly aUvlo* ono day before fooled n^jVction unless 
Mhfnwv?C apecifiud. 

SUn/intfi transplantation. CSH/KcJ mica fli-2 1 ') were anetiUio- 
ti;^ed by introperitoneitl injection of 2.5% nvcdln (0.016 mVff body 

prepnred by pcelinc oltelcin cnrofully to avoid Mccdiftg. Tnil filcin of 
airoilar was peeled from BALlVcByJ mico (H-2 d ) and then placed 
over the nraft site in an oppoaile orientation aeix>rdintr to the hair 
^o'.vth dirwstion. Tlw grafted skin was protected by a plastic tnbing 
(dUniOtcr 0.5 cm, IwiRlh 3 coi) hrtd in place by wound clip« for S 
dny^. Sl<in craOs wure examined and eenred daily. A fp-aft was scored 
04 Miy. rejected when more than 80% of the Kraft was necrotic C*A 
wan given BobcMUneoualy to mice d*?ly sturtios one dny before skin 
trar.nplantaUcm until rejection of grafts. Tepnxnlin wiui given orally 
ono diiy before trnnaplnntation and then doily atoning one. day aRor 
Iraufipbntation until Kraft rejeetien. 

Data presentation and statistic Data were analysed usinc onc- 
taOcd Ounnett'a tests. A pom'oolric vcvaino wn* used if dota were 
nnrmHlly distiihoted afl asaewjed by the WtlV-Shapiro te^L Data 
wliich did not .mcet Uio awumptioTm of normality vmru Uisied usin(j 
a non pa rumot tic version of the Dunaelt*3 test. 



RKSUf-TS 

Inhibition of MLR proliferation* by tcpoxalin. Wc recently 
TVix^tiAtl that tcpoxalin supples T ceil proliferation and 
inhibits the activity of the transcription fnctor NFkB 
T ix:ll activation iind proliferation arc critical for tho initia- 
tion of an antigen specific immune response. The transcrip- 
tion factor NP*B u also known tn be involved in rcguiatinc 
tlm expression of many tar^t (jenes in an immune retjpoiue 
(?6\ 17). The possible immun suppressive offect of tcpoxalin 
wai thorrforc studied. f fo deternune whether tcpoxalin U 
capable of inhibiting Die immune response agaiiwt alloanti- 
Cenw, tepoxalin at various concentrations. was tested in MLR 
prohToraticn assays. Tho assay wws set up by stimulating; 



C57RL/6J (H-2 b ) mouse 



spleen cells with irradiated 
BGD2t\/J W-Ji wd ) mouse sploon cells. As shown in Figure 1, 
tcpoxalin inhibited cell proliferation in a dose-dependent 
fashion with an TC 50 of 1.3 iM. The inhibitory effect was not 
related to cell toxicity. Tepoxalin at concentrations ot 2o f/M 
or less did not affect the viability of anti-OD3 stimulated 
mouse spleen cells aaer 24 hf of treatment (Table 1). Since 
tepoxalin is a dual CO/LO inhibitor (10), the possible link of 
its suppression of Ml.lt proliferation to its inhibition of CO 
and/or LO was studied. To address this question, the well- 
known CO inhibitor naproxen and the LO inhibitor zilcutca 
were tested in parallel at doses ID-fold higher than their IU 0 
for suppression of CO or LO in mico, respectively. Neither of 
these compounds, nor the combination of both of them, had 
an inhibitory effeci on MLR proliferation (Fi^. 1). 

To further understand Uie mechanism of action of Upnxa- 
Hn, tho kinetics of tepoxalio in inhibiting MLR proliferation 
waa compared to that of the Ichown immunosuppressant. 
CaA. As shown in Table 2, the inhibitory effect was not 
diminished when tepoxalin was added 24-72 hr after the 
initiation of MLR. In contrast, CsA was effective only if it was 
added at the beginning of tho cocultures. 'J:o deterrnmc 
whether tcpoxalin and CsA were synergistic in inhibiting 
-MLR proliferation, the two agents were tested in cotnbma- 
Vlion, Tepoxnlin- at 0,5 pcM, 1,^, or .2 was tested m 
combination with varyini: concen trations of CsA OHfi. 2). CrvA 
alone inhibited the response in a dose-related manner with 
an 1C D0 of 22 nM. Tepoxalin alono inhibited proliferation by 
26% at 0.5 fM t by 55% at 1 |iM T and by 87% at 2 *iM. When 
tepoxalin and CsA were present at euboptimal concentra- 
tions, tho inhibition was clearly additive. This additive effect 
was less significant at concentrations of the two drugs that 
were strongly inliibitory on their own. 

Suppression of GVll responses by tcpoxalin. The immuno- 
suppressive effect of tepoxalin as demonstrated in MLR a* 



200 



M50 



8. 



•100 



£ 50 




Naproxen + 
Zfleulfi 



0.1 0.2 



0.5 1 2 5 
Concentration (jiM) 



Ficurb L Inhibition qfMLRproliferatJonK by Upoxaiin, Spleen cells 
from C57EL'6J mice were cocuKarod in triplicate WtU« with irradi- 
ated apUen coUk from B6D2r\/J mice as deaoribed itx Mttiriah and 
Method*. Varyinc concentrations of tepoxalin, naproxen, sifoilor., or 
naproxen + sUcuton wore added to the cultures at the initinUan of 
cultures a U-aiymidine upUke vae measured on day. o. Control 
culiurcfl contained DMSO diluted in a manner similar U Uiat of the 
compounds. Uptake of fl H-th>Tnidin€ in vehicle controls waa r.>>out 
90.000 cpm. Percenter's of control responses ore adculuied as per- 
cc»u Utges of (cprri of treated cultarca/cpm of vehicle controls). 
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?An/.f3 I. Hvo cJTcctivo des<'s of teporalin in immunosuppression is 
. not Ujxic to cellar* 
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* Vinl»iULy of anr.i-CD3 stimulated CS713L/aT pplfien ceils teamed 
with tcpoxalin fur 24 hr was tested in the MTT viability away. 

b C<»1I viability is proKirrit<»d nx the pc rcentngc of viable celts in 
tepoxaUn trrMod sample compared with that tr^ntrd with an equiv- 
alent amount of ike vehicle, DMSO. 

Tabu-: 2. Inhibitory cftbcl of topoxalin rind CsA on MLR prolifera- 
. tions {% control respon^y 1 
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0.021 
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99.C 
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" Diflcveul concentrations of compounds added in MT,R cultures at 
riiflercr.l time points were studied. MM* av-nvs were act up as 
dvsenbed in Material* and Meiftodt. The MLR proliferations treated 
vWlU compounds wore coon pared with their vehicle controls. a H- 
thyinidim: upUko by proliferating ccli* in Mf.U assays was inca- 
suicd. Percc/jtaces of control rcHporwes are calculated ns percent- 
al^ of (cpin of treated culturea/cpm of vehicle cnnlrahl 



says suggests its potential use as art immunosuppressant in 
clinical therapy. This possible? application was verified with 
in u/en marine models of transplantation. A local GVII re- 
sponse- was performed by injeoting spleen cells from the pa- 
rental C57I3 UOJ (K4 h ) mice into the foblpnds of B6D2F1/J 
Qlg**) in j ce . GV/i responses wore demonstrated by the en- 
largement of the draining popliteal lymph nodes in recipient 
mice. The lymph nodes of recipient mico increased signifi- 
cantly by day 2 and continued to increase in size with time. 
Tho degree of the local GVH response wm measured by 
wrfgltinc the draining popliteal lymph nodes. The lymph 
nodes of lepoxalin-trcatod mice did enlarge on day 2 but did 
net change significantly later oh. After 7 days of the local 
GVH response, lymph nodes from lepoxal in-treated mice 
were, slightly hyperplastic, but were BiKmficantly less so than 
that of the untreated controls (Fig. 3 A). GVH responses in 
mice administered tcpoxalin orally a t 12-50 mR/fkg/day were 
reduced by about 40% of that in the positive control group. 
Consistent, with the findings in mico, (opoxalin was also 
eA'ocLivB in n\ts t with a 30% suppression of this local GVII 
response ut 12 mg/lcg/day (data not shown). The immunosup- 
pressive atfont CsA administered subrutaneously to mice at. 
CO and 75 mg/kjjAky wns shown to fiuppress GVH response 
by 42% ond 71%, respectively (Fig, Sfi). The results suggest 
that the rmmunosupprcssivo effect of tcpoxalin at 12 mg/kg/ 
day is comparable to tliat of CsA at 50 mc/kg/day. To assess 
whether the inhibitory effect oftepojinlin on G VTI responses 
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FlGUlUt 2. Additive inhibitory effects of tepoxalin tmd CsA in Mf,R 
prolifpratjona. Proliferation of C57BI/6J mouse spleen cells a fur S 
days stimulation with inrodiated BfiD2P & spleen cells in medium 
cont nininc tepoxalia at 0,5 /^M, 1 (M t and 2 /iM plus varying con- 
centration* of CJrA was assayed ap deecribed in Materials and AfrtA- 
odi. I1ic proliferative response in culture^ contaiumg no drup was 
80,000 cpm. 

could be obtained with other CO or L»0 inhibitors, naproxen 
and eileuton wero/again 1 tested in GVH assays. No inhibition 
was sceri with zi leu ton; naproxen-, or a comhmation-of the two 
compounds (Fi& 3C). 

Since tepoxalin appears to act late in MLR assays, the 
effect of tcpoxalin administered early and late in GVH re- 
sponses was also studied. Similar to the findings in MLR 
proliferations, tcpoxalin given to mice for a minimum cf 3 
days was sufficient to suppress GVH responses to an extent 
similar to those treated with tcpoxalin throughout the 7-day 
course of the GVH response (Fig;. 4). This short treatment 
with tcpoxalin could be at the early (day - 1 to day 1 or 4) or 
the lato (day 4 to day 6) stapc of the GVH response. The 
inhibitory effect of tcpoxalin at the lato stage of immune 
responses suggests its mechanism of actiou to be different 
from that of CsA. The possible synergism in immunosuppres- 
sion by tcpoxalin and CsA waa therefore studied in GVH 
assays. A much stronger suppression of tho GVII response 
was indeed found in mice treated with both tepoxalin and 
CsA rather than those treated with either ono of the two 
drugs (Fig. 5). Thia synergistic effect was particularly signif- 
icant when a low dose of tepoxalin (G mg/kg/day) was com- 
bined with CeA. 

Prolongation of shin allograft survival by tcpoialiru The 
time course of skin allograft rejection in mice is affected by 
the efficiency of the following . two mechanisms: (1) the acti- 
vation of T cellB through recognition of specific olloantigcns, 
and (2) the effector mechanisms mediating tissue destruction. 
To study the effect of tepoxalin on akin allograft survival, 
experimental allograft rejection was performed by grafting 
allogcncic HALB/cByJ (H-2 J ) mouse tail-skin onto C3H/HeJ 
(H-2 1 ^) recipient mice. For the first 6 days after trsnsplanta- 
tion, allografts appeared normal and their gross appearance 
was not diflcrent from that of syngeneic grafts. The rejection 
process became apparent by day 6, with signs of swelling ond 
erythema, and quickly culminated into complete graft necro- 
sis. Different doses of tcpoxalin were tested in skin croft 
rejection assays. As shown in Figuro 6, rejection of allografts . 
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Picupf, 4 Effective suppression or mouse GVH. response by aHwi 
trtHUimn'tc with tepoxalin. The GVIi response was induced by injec- 
tion of C57BI/6J apJeferi cells into the footpads of BGD2F/J micu and 
wan measured by weighing the draining lymph node* as desenbeo m 
Material.* and Method*. Mice injeeUal with saline instead of spker. 
cells were urcd as iw»»tw conlrols. TcpoeaHn (25 mg/lcR) was Ld - 
ministered orally to mice at different tinie BchcduUja as shown; GWl : 
^enpon^- 

used as pasirive controls. Five mice were used per fjroup. The column 
bars rcprirjcnl the standard errors. 



PlWPK a. Suppression of GVII responses by tcpoxalin. A local GVH 
rctiAoji^o was trijjKeved by aubcQtaiwin injection of pnnmUU 
OHM/M eplecn ccllu into footpad* or HfiOaP^J roico, and was 
wttSfmrnd hy weighing the drnimm* lymph iwdps described in 
UrM'thh and Methods. Mice iaj.>rion with inline were used as 
negaiivo control*. Drugs were tfvon to mice from dtiy -1 to day 6 of 
the GVII response. <A) GVII responses in mica udministcrcd differ- 
cat do-va of tepoxMin: or vehicle control (0.5% methyleellulosfr) 
orally. Tun mice were used por group. The value* front mice treated 
wiui tepoxnlin at 12, 25, and 50 rr^/ku/day *ro significantly different 
from the vehiclo control group (Ounnotfs u*t>. Similar results were 
obminsd fr«m more than thrc<« repeated cvpftrinicnU. (tt) GVH re- 
Ki^fteH in mice* given CaA (50 and 75 mrM) or vehicle control 
tolinc) suhcutancously.. Five miec wero u*ed per group. (C) GVH • 
rcapon/ies in mice given naproxen, xiWiurn, « the combination of the 
t^4 dmes ut GO : i»&/Ufl/day orally. Mice as vehicle controls for 
naproxen wcra treated with equivalent volumes of methylccl- 
kiteia; for xileuton, they were treated with 50*3- polyethylene clycol 
200; and for tho cnmbinnUoa of drug*, they were treated with both 
O.M methylccilulose and 50% polyethylene glycol 200. Five mice 
were used per croup. Hie column baw represent tbe standard errors. 
A -.tftrisUa indicate a V value of <0.05. 



in the plaecho-treated group started on dhy 7. About 50ft of 
Ihn allografts in the placebo group wore rejected on day 10. 
Tcposalhi nt doses of 12.fi and. 25 m«/k&/dny did not have a 
ri/wficant effect in prolonging KraR ivjcction. When.tupo.vn- 
Ltn at fiO mfi*tfUay war, adminfcUrtd to mice, a significant 
piikn^ation of skin iriift rejection wnR 'observed. Hie me- 
dian suivival time of skin gr^ftd, <Mined ns the time point at 
which 50% of the grafts arc rejected, was 10.5 dnys in the 




Control 



50 



Tftpoxsfcn 

Figure B. Synergistic suppressdon of mouse GVII responses by tcp- 
oxalin and CsA. Tha OVJI response was induced by injection of 
.C57BU6J spleen colhj into the footpad* of D6D2F/I mice and was 
meaHurcd by weiijhinn the draining lymph nodes as dcscrilx.-d m 
Afatoriafs enrf McfAocto. Mice were tooted wiUi Cs,\ (SO ing^Fl ^ 
tepoxsiUn (6 or 12 m R /k C ) atone, or the eombinatidn of tepoxahruCS or 
12 rng/kg) and ChA (SO .mgAc^ Mice injected with splc-cn cfells and 
treatod with vehicle* were uacd ns positive controls. Mico injertcn 
with saline instead of spieea cells weru usod wt negative cootro «. 
Twenty mice were uand per group. ITic column barH represent the 
standard errors. AsUriaka indicate a P yulue of <0.05- Similar re- 
sults were obtained from repeated experiments. 

placebo-treated group and was 15.0 days, for the group of 
mice treated with tcpo>:alin at 60 rng/lcg/day (?<0.05). Fur- 
. thermore, a combination of topoxalin nnd CsA nt low dnscs 
showed a dramatic prolongation of allogeneic skin era fl re- 
jection (Fijf. 7). About 52% of the mice treated daily with 
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Kjtitinw G. Prolongation of skin Rraft rejections by i p.pnxnlin. UAT.B/ . 
cB/J mouae toil pfcin wag grafted onto the tnil of CHIt/HoJ mice and 
reaction of the flrulW fckin wa>* aeored as described in Material* and 
AfriLuli. Different doses of tcpoxalin wore administered orally to 
OaTW W recipient mice the dny tj^fnre and after dcin transplanta- 
tion, and then daily until akin grafts wore rejecled Mice given the 
vehicle (0.5% nicthylccUulosc) orally were uacd as controls. About 
b?n mice woi*e.W5cd per group. Dotn proHonLcd weretjtken from ona 
f.fUnr tltrcc repcatud experiments. lteaulu : villained from all three, 
evpevimcnts wore .similar. "i*rotanyation'of 'aKiii rejection in mice 
IrooUid with topcu;iUnS0 nig/kg wa^ nignificun t CT<:0.05. Dunnett's 
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CsA(50mO/kQ) 

Topoxalin (!2^inoA0) 

Tepoxalin (12.5 rncAo) 
t CsA (50 mg/kQ) 




Pays eftor grafting 

fc'inuai; 7. "Enhanced prolongation of nllojconoic fikin graft rejection 
ty tonoxfdin and CsA. BALB/cuyJ mouue tail rdun was grafted oato 
the tail of C3lt/h\\J mire aa described in Materials and Method*. 
Tepoxalin (12.6 me./kg> alone. CsA (50 my/kg) alone, or tcpoxalin 
1115 inrykrj) plus OsA (50 mryiig) wero administered to C3II/IteJ 
mice U«: day before and after skin tniasplanlatJoo, and then daily 
until skin grafts wore rejected. Topoxalin was fovea orally and CaA 
w*is jfi^en HubcutaueoMily. Fur recipient mice with cltirt grafts sur- 
viving for awe than 40 days, drug adrninislrhtion was discontinued 
from day 40. uh shown by arrows. About len mice were uiiod per 
group. Enhanced prolongation of akin rejection, w»a also observed for 
thy combination of tepoxalin (25 mgflqr) and O: A (GO nig/kg) (data not 
rtvwnl 



tcpovfllia (12.5 mg/kg/day) and O.1A (50 mg/kg/day) retained 
the allogeneic skin graft* on day 40 ^tfler transplantation. To 
determine whether immunn tolerance to > kin grafts is gener- 
ated by the combined drag treatment, drug dosing was dis- 
continued after day 40 of transplantation. Skin graft rejec- 
tion wo$ noticeable on day IS and nil the grafts were rejected 



on day 24 after druff cessation (Fig, 7). The results suggest 
that the combination of tcpoxalin and CsA potentiates the 
immunosuppressive effoct, but does. not induce immunotm- 
eranco to. the grafts. 



DISCUSSION 

Iu this report, we demonstrate that tepoxalin is effective in 
suppressing the immune responses in murine models of GVH 
reaction and allogeneic skin graft rejection. This immunosup- 
pressive activity is not seen with other inhibitors of CO or 
LO. 

To study the mechanism of immunosuppression by tepoxa- 
lin, wc used the in vitro mixed lymphocyte reaction, which 
measures the proliferative response of p3renUl strain 
C57BL/6J spleen cella when stimulated by B6D2tyj spleen 
cells. Tcpoxalin inhibited the all oantigen-d riven proliferative 
response in a dose-related manner with an 1C C0 of 1.3 uM 
and a complete inhibition at 5 uM A similar inhibition was 
seen with CsA, which had on IC &0 of approximately 22 nM 
and a complete inhibition at about 200 nM. However, there 
were differences in the kinetics of the inhibitions seen with, 
ihe two compounds. Tcpoxalin. . exerted ilvc - name, degree of, 
inhibition if added any time up to 72 hr after the set-up of 
MLR cultures. CsA was only inhibitory if added at the initi- 
ation of the MLR cultures, ILr2 production by T cells occurs 
early following ficltvalion, reaching peak levels by 24 hr of 
culture {18, 19). CsA has been known for its inhibitory efloct 
on IL-2 production (7, 20, 21) and is therefore expected to 
affect T cells during the first 24 hr of activation. The fact that 
tepoxalin inhibits proliferation late in MLR assays suggests 
its inhibition of later events in T cell activation. One possi- 
bility is that the lL-2-mediated signal transduction pathway 
is affected by tepoxalin, which has been shown on human 
lymphocytes in our previous report (Jo). 

GVH disease is a common problem in bone marruw trans- 
plantation that leads to frequent morbidity and mortality 
(221 Skin grafts trigger strong immune responses and have 
been one of the roost difficult grafts in transplantation (3). 
The immunosuppreamve activity of tcpoxalin was demon- 
strated in murine models of GVH responses and allogenic 
skin graft rejections. Tepoxalin was found to inhibit GVH 
responses at 12 mrykg/day and to prolong skin graft rejec- 
tions at 50 mg/kg/day, The possibility that tepoxalin blocVs a 
later event in immune response is again implicated by its 
suppression of GVH reaction oven when it was administered 
to mice 4 days.afler the initiation of the response. 

Tcpoxalin.is known to bo a dual CO and LO inhibitor with 
potent antiinnafomatory effects (10). One of the obvious 
questions to ask is whether its immunosuppression is due to 
the inhibition of Urn CO or 1X3 enzymes. The involvement of 
CO and IX) in the modulation of immune responses remains 
controversial. Axachidonic acid metabolites produced by 
these enzymes, .such as prostaglandins and leukotrienes, 
have many biological activities, including the modulation of 
inflammation and immune response. (23**29). Indeed soveral 
inhibitors of /X) have been shown to prolong graft rejection in 
tranfiplnn^tibn (30-331 However, it was noticed that those 
IX) inhiWW;3 AviUi immunosuppression activity arc also po- 
tent anUoxidanLs with inhibitory effects on NFkB activity 
(34, 3$).. 'Therefore the immunorcgulatory effects of these 
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compounds may not be directly relatt d to mMnUon of 
We cf.i-.pnwd the olT«* of tenonlin wU.li other known LWOU 
inhibitor* in our studies. Naproxen (CO inhibitor) or teuton 
(1.0 inhibitor), or their combination, did not hove any effect 
on MLR probations or GVH responds, We have reported 
rtcentlv that topoxalin is distinct from oUwr CO and LO 
Inhibit in its inhibition of NFk-B octivitb* (Ml NI'kB u . 
nootropic Iransactivator of many target genes involved m 
immune or inflammatory response (M. 17). The immuno- 
suppressive effect of lepoxalin may be attrihuUsd to , us inhi- 
bition of NFkO »nd not related to tho general mhihiUon of 
arachWonlc acid metabolism. _ 

Taken together, those data, show that tnpoxalm is an encc- 
Kve immunosuppressive agent. Since the mechanism oftep- 
nulin appears to bo different from OsA in immunosuppres- 
sion it sacwssU n possible comliiuntion.il use of the two 
compounds in immunosuppressive lharapy. Mnroover, tcp- 
oxalin is devoid of ulcerogenic notions in e«stromtwlinal 
S y b l«ma that fire the common side effect* of other NSAID 
dnif'S {11. 12). The LU 6 „ of tcpoxalin in mice nnd rats was 
more than 400 m^g. which is over 10-fold hi B hoc than the 
effective doses used in in vivo immunosuppression. Tepoxahn 
could therefore bft an important addition to the existing im- 
munosuppressive therapeutic drugs to enhance the efficacy 
• *f treatment nnd.to reduce drug toxicity in transplantation 
... and autKminunily. .; .. . '". . 
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COMBINED THERAPY WITH ^RLE^N^ AN^mTERLEM 

ia TwwrmTQ ATTTOnVEVniNE DIABETES RECUKKiiJN^ mn 
«SS5W» NONOBESE DIABETIC MICE 

Analysis of Cytoiune mRNA Kxvrksscon in the Ghaft 1 

treated mice, whereas islets were footed lyfetdeo- 
cytcs and the p cell mass was greatly reduced m gaTU 
from control mice. Polymerase chain react on (PGR) 
analysis of cytokine mRNA, expression in the grafts 
revealed higher level* of IL-2, IFNy and IW0»^ 
in grafts of diabetic compared ™^ n0I ™Cl y f em £ 
control mice, whereas IFNy and TNF« mRNA level* 
were significantly decreased in grafts of IL-4 plus 1L- 
] 0-trcafcd mice compared with either nomoglycemic 
or diabetic control mice. Those results suggest that I 
helper (Tb)l cells and their cytokine products UU-A 
Il'Ny, and TNFn) may promote islet p cell destructive 
Jnsulitis urid autoimmune diabetes recurrence in syn- 
geneic islet-transpjantcd NOD mice, and that admin- 
istration of IL-4 plus TL-10 may inhibit diabetes recur- 
rence by suppressing Thl cytokine product.ou ui the 
islet grafts. - : 

Insuliri-depeadcnt diabetes melUtus (IDDM)* results from 
deslrucUon af the insulin-producitic pancrent.c islet p cells 
by the host's own immune system. Whereas it is not known 
what may initiate this autoimmune response against islet 0 
cells there is abundant evidence that IDDM is T cell-dcpen- 
dent <1, 2). However, it it unclear which T cells are involved 
and how thoymay lead to islet p cell destruction. A variety or 
inununefinllammatory cells infdtrate the pancreatic ir.ota 
and constitute the insulitis lesion (3. 4). There U evidence u 
human patients with IDDM (5-8) nnd in animals mth spon- 
taneous IDDM resembling. the human diaease-tho ™"™ cso 
diabetic (NOD) inouse and the biobrecdine (BB) rat (9-22h- 
that islet p ceU destruction may involve heterogeneous eflec- 

« Abbreviation*: BB. Biohrecdinc; CPA. complete Frcuad'a adju- 
vant; IDDW,. infltiiin-dependcnt diabetes racllitus; NOD, nonobuae 
diabetic rCR, polymerase chain reaction; Th. T helpor. 



Diabete 

Syngeneic pancreatic islet grafts in nonobese dia- 
betic (NOD) mice elicit a cell-mediated autoimmune 
response that destroys the insulin-producing fl cells in 
Um W graft. IL-4 and If .10 arc cytoh .nos that inhibit 
cell-mediated Immunity. In this study, wc evaluated 
the effects of IL-4 and on the survival of synge- 

neic pancreatic ialols transplanted into diabetic NOD 
mice. Mot grafts survived beyond Ifi days and normo- 
KUcemia was maintained in 67% (10 of 16) of mice 
treated with UA plus IL-10. buim none 0 of 20 of 
vehicle-injected (control) mlocj. Also, 40% (6 of 16) of 
tho mice treated with IL-4 plus HMO were normogly- 
cemic at 30 days after transplantation compared ^th 
14% (1 of 7) of the mice treated with II A alone, 8 *> a ot 
131 of the mice treated with IL-10 alone, and none (0 of 
20) of tho control mice. Histological examination of 
grafts At 10 days after transplantation revealed peri- 
islet accumulations of mononuclear leukocytes and 
Intact Islet p cells in graft* from IL-4 plus 1W»- 
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Cyclic adenosine monophosphate (cAMP) is an in- 
tracellular second messenger which modulates T cell 
function. NKH477 is a direct adenylate cyclase activa- 
tor derived from forskolin and now under clinical in- 
vestigation as a positive inotropic agent. While the im- 
munosuppressive effects of forskolin on lymphocytes 
have been reported, little is known about its effects in 
vivo. In this study, we investigated whether NKH477 
has immunosuppressive effects in mice, namely on 
cardiac allograft survival, and on the generation of 
cytotoxic T lymphocytes (CTL), T cell proliferation in 
mixed lymphocyte reaction (MLR), and production of 
interleukin-2 (IL-2) in MLR and in mitogen response. 
We assessed the effects of standard immunosuppres- 
sant cyclosporin A (CsA) on IL-2 production and on 
allograft survival to estimate the intensity of rejection 
in this acute rejection model. Saline- treated C57BL/6 
(H-2 b ) mice rejected DBA/2 (H-2 d ) cardiac allografts 
with a median graft survival time of 10 days. In con- 
trast, median graft survival was prolonged to 12 and 
15 days in mice treated with NKH477 at 1 and 3 mg/kg/ 
day, respectively (P < 0.01 vs control). The equivalent 
dose of CsA (40 mg/kg/day) to the maintenance dose 
after clinical cardiac transplantation prolonged me- 
dian graft survival time to 15.5 days, indicating that 
high dose of NKH477 was as efficacious as lower dose 
of CsA. Addition of NKH477 to the culture medium 
suppressed the generation of CTL, T cell proliferation 
in MLR, and production of IL-2 in MLR and in mitogen 
response. These results suggest that NKH477 exerts a 
beneficial effect on murine cardiac allograft survival 
by modulating T cell function. O 1996 Academic Press Inc. 



INTRODUCTION 

Cyclic adenosine monophosphate (cAMP) is an intra- 
cellular second messenger which has various modula- 
tory effects on the immune system. Forskolin, prosta- 
glandin E 2 , and other c AMP- elevating agents have 
been reported to have immunosuppressive effects such 
as decreased production of interleukin-2 (IL-2) (1, 2). 
An increase in [cAMP^ is also considered to have an 
inhibitory effect on the generation of cytotoxic T lym- 



phocytes (CTL) (3-6), which are considered playing a 
role in the course of acute allograft rejection (7-10). 
IL-2 is involved both in the proliferation of mature T 
cells and in the generation of CTL (11-17). 

Forskolin directly activates adenylate cyclase and 
has been routinely used in in vitro studies investigat- 
ing the effect of increased [cAMP^. However, on the 
grounds of the low solubility of this compound in water 
and its poor biological availability on oral administra- 
tion, it has been unclear whether increased [cAMPlj by 
adenylate cyclase activators has an immunosuppres- 
sive effect in vivo. 

NKH477, (+M3fl,4aR,5S,6S,6aS, 10S, lQaR, 106S)-5- 
acetoxy-6-(3-dimethylaminopropionyloxy)-dodeca 
hydro-10,106-dihydroxy-3,4a,7,7,10a-pentamethyl-3- 
vinyl- L£/-naphtho- [2 , 1-6) pyran-l-one monohydrochlo- 
ride, is a new water-soluble forskolin derivative now 
under clinical investigation as a positive inotropic 
agent. Like forskolin, NKH477 directly activates the 
catalytic unit of adenylate cyclase and increases 
[cAMPJi (18, 19). It has been shown to have beneficial 
effects on hemodynamic states, especially on diastolic 
function, in an experimental model of congestive heart 
failure (20). The drug also has the unique characteris- 
tic of suppressing both digitalis- and adrenaline- 
induced ventricular arrhythmia, in contrast to phos- 
phodiesterase inhibitors, and can be used safely with 
little arrhythmogenicity (21). These characteristics 
may be beneficial in the treatment of heart failure de- 
veloping as a manifestation of acute allograft rejection. 

In this study, we investigated the effects of NKH477 
on cardiac allograft survival in a murine heterotopic 
cardiac transplantation model. We also used cyclospor- 
in A (CsA) as a standard immunosuppressant to esti- 
mate the intensity of rejection in this acute rejection 
model. One-way MLR was performed to evaluate anti- 
gen-specific CTL generation and IL-2 production in 
consideration of the results of measurement of plasma 
NKH477 and Ml (equally active metabolite of 
NKH477) concentration. The immunosuppressive ef- 
fects of NKH477 in vitro were compared to CsA for the 
inhibition of IL-2 production in MLR and in mitogen 
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response, since the effects of CsA are manifested 
mostly through suppression of IL-2 production. We also 
assessed the proliferative response of splenic T cells 
during one-way MLR and to exogenous IL-2 by 
[ 3 H]thymidine incorporation. 

METHODS 

Mice 

Male DBA/2 (H-2 d ), C57BL/6 (H-2 b ), and C3H/He 
(H-2 k ) mice aged 7—9 weeks were obtained from the 
Shizuoka Agricultural Cooperation Association (Shi- 
zuoka, Japan), housed in stainless-steel cages with 
controlled 12-hr light/dark cycle and given access to 
standard mouse chow and water. 

Reagents 

NKH477 (MW 546.1) was provided as a pure powder 
by Nippon Kayaku Co., Ltd. (Tokyo, Japan). It was 
dissolved in saline and adjusted to pH 4 with 0.01 N 
HC1. Solutions were stored at 4°C. Orally available 
CsA (Sandimmun drink solution; Sandoz Corporation, 
Basel, Switzerland) was commercially obtained and di- 
luted with olive oil. CsA for in vitro use was a gift from 
Sandoz Corp. Stock solutions of CsA were prepared at 
a concentration of 30 mg/kg in dimethyl sulfoxide and 
diluted to the required concentrations with culture me- 
dium. In in vivo experiments, NKH477 was given at 
0.3, 1, or 3 mg/kg/day and CsA was at 5, 10, or 40 
mg/kg/day, by single daily oral administration begin- 
ning on the day of transplantation. RPMI 1640, FCS, 
and HBSS (Hanks' balanced salt solution) were pur- 
chased from Gibco Laboratories (Grand Island, NY). 
Mitomycin C and concanavalin A (Con A) were ob- 
tained from Sigma Chemical Co. (St. Louis, MO). LPS 
from Esherichia coli 055 :B5 was from Difco (Detroit, 
MI). Recombinant human IL-2 and [methyl- 3 H]- 
thymidine were from Amersham (Buckinghamshire, 
UK). Anti-Thy-1.2 monoclonal antibody and low toxic 
rabbit serum complement for cytotoxic elimination test 
were from Cedarlane Laboratories (Hornby, Ontario, 
Canada). 

Cardiac Transplantation 

DBA/2 mice served as transplant donors and 
C57BL/6 mice as recipients. Heterotopic cardiac trans- 
plantation was performed as previously described (22, 
23). In brief, donors and recipients were anesthetized 
with 4% chloral hydrate at 0.01 ml/g body weight ip 
prior to surgery. Donor hearts were perfused with hep- 
arinized saline chilled to 4°C via the inferior vena cava 
and harvested after ligation of the vena cavas and pul- 
monary veins. The donor ascending aorta and pulmo- 
nary artery were anastomosed to the recipient abdomi- 
nal aorta and inferior vena cava using a microsurgical 
technique. Success rate was approximately 85%. Graft 



failures arising within the first 3 days after transplan- 
tation were excluded from experiments as technical 
failures. Grafts were monitored by daily abdominal 
palpation and regular electrocardiogram. Rejection 
was defined as the day of cessation of heartbeat. 

Histopathological Examination 

Recipients were killed 5 days after transplantation 
by bleeding after being anesthetized with ether. Allo- 
grafts were harvested, sectioned transversely at the 
maximal circumference of the ventricle, and fixed in 
10% buffered formalin. The graft tissues were embed- 
ded in paraffin, sectioned, and stained with hematoxy- 
lin and eosin. Histopathological examination was con- 
ducted by two observers who were unaware of any 
background data. The severity of myocardial inflam- 
mation, perivascular inflammation, and necrosis was 
independently graded for severity by two blinded ob- 
servers on a scale of 1 (low grade), 2 (moderate grade), 
and 3 (high grade), and scores were averaged. 

Measurement of Plasma NKH477 and 
Ml Concentration 

Seven-week-old C57BL/6 mice were orally adminis- 
tered NKH477 at a single daily dose 3 mg/kg for 5 days. 
They were anesthetized by inhalation of ether at 30 
min or 1, 2, 4, 8, or 24 hr after last administration. 
Blood was collected by cannulation of the inferior vena 
cava, heparinized, and centrifuged. Collected plasma 
were frozen at -70°C until measurement of the concen- 
tration of NKH477 and Ml concentrations by gas chro- 
matography/mass spectrometry. Ml is a equally active 
metabolite of NKH477 where one of the AT-methyl 
groups of NKH477 is demethylated. 

Cytotoxic T Lymphocyte (CTL) Assay ( 51 Cr 
Release Assay) 

One-way MLR and CTL assays were performed as 
described previously (24, 25). Spleen cells from 
C57BL/6 mice (recipient strain) and DBA/2 mice (donor 
strain) were used as responder and stimulator cells, 
respectively. Responder cells at 5.6 x 10 6 were cocul- 
tured with 4.0 x 10 6 stimulator cells treated with mi- 
tomycin C (MMC) (final concentration 25 /xg/ml) at 
37°C for 20 min under 5% C0 2 . Cells were cultured in 
24-well plates in 2 ml of sensitization medium, namely 
complete RPMI 1640-10 (RPMI 1640 supplemented 
with 100 U/ml penicillin, 100 /xg/ml streptomycin sul- 
fate, 5 x 10" 5 M 2-mercaptoethanol, 10% heat- 
inactivated FCS) containing 1 mM sodium pyruvate. 
NKH477 (1.5 x 10" 8 M, 4.5 x 10~ 8 M) dissolved in sa- 
line or control vehicle only (saline) was added to the 
experimental cultures at the initiation of culture. After 
one-way MLR for 5 days, CTL activity was assessed by 
a 51 Cr release assay. DBA/2 splenic target cells (donor 
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TABLE 1 

Median Graft Survival Time 





Graft survival time 


Median graft 




of all grafts 


survivial time 


Treatment (n) 


(days) 


(days) 


Control (10) 


9, 10, 10, 10, 10, 10, 10, 


10 




11, 12, 12 




CsA 5 mg/kg/day (6)* 


10, 12, 13, 13, 14, 15 


13 


CsA 10 mg/kg/day (6)**'t 


12, 12, 13, 14, 14, 18 


13.5 


CsA 40 mg/kg/day (6)**'t 


12, 12, 15, 16, 18, >50 


15.5 


NKH477 


9, 10, 10, 10, 11, 12, 12, 


11.5 


0.3 mg/kg/day (10) 


12, 14, 14 




NKH477 


11, 11, 11, 12, 12, 12, 14, 


12 


1 mg/kg/day (10)** t 


14, 17, 18 




NKH477 


11, 12, 13, 14, 15, 15, 16, 


15 


3 mg/kg/day (10)**-t 


17, 18, 23 





Note. Grafts survival were determined by daily abdominal palpa- 
tion and regular elecrocardiogram and confirmed histologically. Re- 
jection was defined as the day of cessation of heartbeat. Cyclosporin 
A (CsA) and NKH477 were orally administered at a respective dose 
daily. 

*P< 0.05 vs control, **P < 0.01 vs control, 17 5 < 0.05 vs NKH477 
0.3 mg/kg/day group. No other statistically significant differences 
were observed between groups. 

strain) or C3H/He targets (third party) were prestimu- 
lated with 10 /xg/ml of LPS for 2 days and labeled with 
51 Cr. 51 Cr-labeled target cells (1.0 x 10 4 /well) were in- 
cubated with the C57BL/6 effector cells in quadrupli- 
cate in round-bottomed 96-well tissue culture plates at 
an effector-to-target ratio of 100:1, 33:1, or 11:1. After 
incubation at 37°C for 3.5 hr in 5% C0 2 humidified air, 
100 p,l of supernatant was harvested from each well 
and radioactivity was measured using an automatic 
gamma scintillation counter. Spontaneous release was 
less than 30% of total incorporated counts. Percentage 
specific cytotoxicity was calculated as 

% specific cytotoxicity = 

(cpm experiment - 
cpm spontaneous release) 



(cpm maximal - 
cpm spontaneous release) 



x 100 (%), 



where spontaneous and maximum cpm were obtained 
by culturing target cells in medium alone and in 0.5% 
Triton X, respectively. 

Production ofIL-2 in MLR and in Mitogen Response 

One-way MLR was performed in 24-well plates as 
described above. In the first experiment, NKH477 (4.5 
x 10" 8 M) dissolved in saline or saline only (control) 
was added in a volume of 20 /xl to the experimental 
cultures at the initiation of culture. The supernatants 
were harvested serially at 12, 24, 48, 72, or 120 hr after 
initiation and stored at -70°C until enzyme-linked im- 
munosorbent assay (ELISA). In the second, NKH477 
dissolved in saline or stock solution of CsA in dimethyl 
sulfoxide was diluted with RPMI 1640 and added in a 



O — Control (n = 10) 

— CsA 5 rag/kg (n=6) 
— O— CsA lOmg/kg (n=6) 
■ — CsA40mg/kg (n=6) 




SO days 



Days after transplantation 



FIG. 1. Effects of cyclosporin A (CsA) on cardiac allograft sur- 
vival. Oral administration of CsA at 5, 10, or 40 mg/kg/day provided 
slight to mild prolongation of cardiac allograft survival in compari- 
son with control group, whereas no significant differences of effica- 
cies were observed among treated groups. *P < 0.05 vs control, **P < 
0.01 vs control. 



volume of 40 /xl to the cultures at the initiation of MLR. 
The final concentration of NKH477 was 1.5 x 10" 8 , 4.5 
x 10 -8 , or 13.5 x 10" 8 M and CsA was 1 x 10" 10 , 1 x 
10~ 9 , 1 x 10 -8 , or 1 x 10 -7 M. After 48 hr MLR, the 
supernatants of the cultures were harvested and 
stored at -70°C until ELISA. In the third experiment, 
spleen cells (5 x 10 6 cells/ml) from C57BL/6 mice were 
incubated with 4 /xg/ml of Con A in a volume of 1 ml/ 
well for 24 hr in the presence of NKH477 or CsA at the 
concentrations same as the second experiment in 24- 
well plates. The supernatants of the cultures were har- 
vested and stored at -70°C until ELISA. As controls, 
same volumes of RPMI were added to the cultures as 
substitutes for NKH477 and CsA. Murine IL-2 in the 
supernatants was quantified using ELISA systems 
purchased from Endogen (Boston, MA). The sensitivity 
of the system was >0.03 units/ml. All measurements 
were performed in duplicate. 



O — Control (n=10) 

— NKH477 0J mg/kg (n = 10) 

— □" NKH477 1 cng/kg (n= i 0 ) 

— m— NKH477 3mg/kg (n= i 0 ) 




days 



Days after transplantation 

FIG. 2. Effects of NKH477 on cardiac allograft survival. Oral 
administration of NKH477 at 1 or 3 mg/kg/day provided slight or 
mild prolongation of cardiac allograft survival, whereas NKH477 at 
0.3 mg/kg/day failed to prolong graft survival. *P < 0.01 vs control, 
**P < 0.01 vs NKH477 0.3 mg/kg/day group. 
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FIG. 3. Histopathology of mouse cardiac allografts. (A) Low-power photomicrograph from a vehicle-treated DBA/2 -> C57BL/6 allograft. 
The graft was examined on Posttransplant Day 5. Note prominent interstitial mononuclear cell infiltration. (B) A DBA/2 -> C57B/6 allograft 
treated with NKH477 at 3 mg/kg/day and examined on Posttransplant Day 5. Inflammatory changes in the graft were less severe. Bar: 500 
jim. (C) High-power photomicrograph of a vehicle- treated allograft [same sample as (A), LV posterior walll. (D) High-power photomicrograph 
of an NKH477-treated allograft [same sample as (B), LV posterior walll (hematoxylin and eosin; bar: 50 fxm). 
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FIG. 3— Continued 
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TABLE 2 

Histopathological Scores of Cardiac Allografts" 







Myocardial 


Perivascular 




Treatment 


n 


inflammation 


inflammation 


Necrosis 


Control 


6 


1.92 ± 0.20 


1.75 ±0.11 


1.25 ±0.11 


NKH477 6 


5 


1.20 ±0.12* 


1.30 ±0.12* 


1.30 ± 0.20 



a Lesions graded as described under Methods by two blinded ob- 
servers. Data are expressed as means ± SEM, and compared by 
Mann-Whitney U test. 

* NKH477 was administered orally at a single daily dose of 3 mg/ 
kg for 5 days. 

*P< 0.05 vs control. 



[ 3 H]Thymidine Incorporation Assay 

Spleen cells from C57BL/6 mice (recipient strain) 
were suspended at 1.0 x 10 8 /ml in culture medium. 
They were passed through nylon wool columns pur- 
chased from Wako Chemical Co. (Osaka, Japan) to en- 
rich splenic T cells by a modification of the method 
established by Julius et al. (26) following the manufac- 
turer's instructions. The obtained cells were subjected 
to cytotoxic elimination test using anti-Thy-1.2 mAb 
and low toxic rabbit serum complement, and shown to 
include 73 to 80% T cells. These enriched splenic T cells 
were treated in one of three ways. In the first treat- 
ment, cells were resuspended in sensitization medium 
and incubated at 2 x 10 5 cells/well with 4 x 10 5 cells/ 
well MMC-treated spleen cells from DBA/2 mice in 6 
wells for each treatment. NKH477 (4.5 x 10~ 8 M) di- 
luted in RPMI 1640 or control vehicle (RPMI 1640) was 
added in a volume of 10 /xl at the initiation of culture. 
On Day 5, 1 /xCi of [ 3 H] thymidine was added to each 
well, and the cells were harvested 6 hr later. In the 
second treatment, cells were resuspended in complete 
RPMI 1640-10 and incubated at 2 x 10 5 cells/well in 4 
wells. Recombinant human IL-2 (rhIL-2) at 1 nM (45 




PUsnu NKH477 Concentration 
• MIC 



10 



20 



Time after last administration 

FIG. 4. Pharmacokinetics of NKH477 and its active metabolite 
Ml in mice. Mice were orally administered NKH477 at 3 mg/kg for 5 
consecutive days. Thirty minutes, 1, 2, 4, 8, and 24 hours after last 
administration, three mice at each point were killed and plasma was 
collected. Plasma concentration of compounds were measured by gas 
chromatography/mass spectrometry. Values are expressed as means 
± SEM. *Not detectable. 
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FIG. 5. Inhibition of CTL generation in vitro by treatment with 
NKH477. Splenocytes from C57BL/6 mice were stimulated with 
DBA/2 cells for 5 days, and then tested against DBA/2 or C3H/He 
cells. The graphs represent cytolytic activities at the effector to tar- 
get ratios of 11, 33, and 100. NKH477 was added to the medium 
during the 5-day coculture at a concentration of 1.5 x 10" 8 or 4.5 x 
10~ 8 Af. Control C57BL/6 splenocytes were sham-treated with the 
vehicle only. Non. sens, means nonsensitized control. Values are ex- 
pressed as means ± SEM of quadruplicate cultures. *P < 0.05, **P < 
0.01 vs control. 



units/ml) or control vehicle (RPMI 1640), and NKH477 
(4.5 x 10" 8 M) diluted in RPMI 1640 or control vehicle 
(RPMI 1640) was added at the initiation of culture. 
After incubation for 42 hr, [ 3 H] thymidine (1 jxCi) was 
added to each well and, after a 6-hr pulse, the cells 
were harvested. In the third, cells were resuspended in 
sensitization medium and one-way MLR was per- 
formed in 24-well culture plates as described above. On 
Day 4 of culture, primed cells were harvested and cen- 
trifuged. After three washes with culture medium, the 
viable cells were resuspended in cRPMI 1640-10 and 
incubated at 2 x 10 5 /well in 5 wells with or without 1 
nM of rhIL-2 for 18 hr. Then, after a 6-hr pulse with 
[ 3 H]thymidine (1 /xCi/well), the cells were harvested. 
For all harvested cells, [ 3 H] thymidine incorporation 
was assessed by scintillation counting. All cultures ex- 
cept those for priming MLR were performed in a vol- 
ume of 200 /il in round-bottomed 96-well plates. 

Statistical Analysis 

The significance of differences between two nonpara- 
metric groups in the allograft survival experiments 
and scores for histopathological findings were exam- 
ined by the Mann- Whitney U test. Percentage cytoly- 
sis in CTL assay, levels of IL-2 in culture supernatants, 
and [ 3 H] thymidine incorporation were compared by 
one-factor ANOVA followed by Fisher's protected least 
significant difference. 
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FIG. 6. (A) Serial IL-2 production during allogeneic MLR incubated in the presence of NKH477 or control vehicle. NKH477 was added 
to the medium at a concentration of 4.5 x 10" 8 M from the initiation of MLR. Supernatants were collected serially and the concentrations of 
IL-2 were assayed by ELISA. Values are expressed as means ± SEM of 4 wells. (B) Bar graphs indicate concentrations of IL-2 in the 
supernatants after 48 hr MLR in the presence of several doses of NKH477 or CsA. NKH477 suppressed IL-2 production during MLR in a 
dose-dependent manner, although it was less potent than CsA at the concentrations equivalent to the plasma level in clinical use. Values are 
expressed as means ± SD of 4 wells. (C) Concentrations of IL-2 in the supernatants were quantified after 24 hr mitogen stimulation by 4 
p.g/ml of Con A in the presence of several doses of NKH477 or CsA. NKH477 and CsA suppressed IL-2 production with dose dependencies 
similar to the case of MLR. Values are expressed as means ± SD of 4 wells. *P < 0.01 vs control. **Values were lower than the minimal 
sensitivity (0.03 units/ml). 



RESULTS 

Effect ofNKH477 and Cyclosporin A on Cardiac 
Allograft Survival 

During the experiments, recipient mice appeared 
healthy and no differences in body weight were ob- 
served among the NKH477-treated, CsA-treated, and 
saline-treated control groups. In this acute rejection 
model, saline-treated C57BL/6 recipient mice rejected 



all DBA/2 cardiac allografts within 12 days with a me- 
dian survival time of 10 days. Oral administration of a 
low dose (5 or 10 mg/kg/day) of CsA prolongs graft sur- 
vival only slightly and 40 mg/kg/day of CsA exhibited 
only mild but significant effect on graft survival with a 
median survival time of 15.5 days (Table 1, Fig. 1). In 
NKH477-treated groups, graft survival was slightly 
prolonged in mice treated with NKH477 at 1 mg/kg/day 
to a median survival time of 12 days and mildly pro- 
longed in those treated at 3 mg/kg/day to a median 
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FIG. 7. Effects of NKH477 on ( 3 H]thymidine incorporation by T cell-enriched spleen cells. (A) Splenic T cells from C57BL/6 mice 
(recipient strain) were cocultured with MMC-treated spleen cells from DBA/2 mice (donor strain, alio) or C57BL/6 (syn). On Day 5 of MLR 
cells were pulsed for 6 hr with [ 3 H] thymidine (1 /iCi/well). (B) Unprimed splenic T cells from the recipient strain were stimulated to 
proliferate with exogenous IL-2 (1 nAf). Cells were also cultured without addition of IL-2 to exclude the effect of NKH477 itself on prolif- 
eration. (C) Splenic T cells were primed by one-way MLR (alio; allogeneic, syn; syngeneic) and after washing, cells were stimulated with 
exogenous IL-2. Values are expressed as means ± SEM. *P < 0.01. 



survival time of 15 days (P < 0.01 vs saline-treated 
control; Mann- Whitney U test). However, a low dose of 
NKH477 (0.3 mg/kg/day) failed to significantly prolong 
graft survival (median graft survival time 11 days; 
Table 1, Fig. 2). 

Histopathological Examination 

As CTL assay confirmed the existence of CTL after 
MLR for 5 days, histopathological examination was 
performed in DBA/2-C57BL/6 cardiac allografts har- 
vested 5 days after transplantation. The grafts of the 
NKH477-treated group (3 mg/kg/day) were compared 
with those of the saline-treated control group. As 
shown in Fig. 3, inflammatory changes in the grafts 
appeared less prominent in the NKH47 7- treated 
group. Moreover, the scores for myocardial and peri- 
vascular inflammation were significantly lower in the 
NKH477-treated group (P < 0.05). There were no sta- 
tistically significant differences between the scores for 
necrosis of the two groups (Table 2). 

Pharmacokinetics of NKH477 and Its Active 
Metabolite Ml 

Plasma concentrations of NKH477 and Ml were 
22.68 ± 12.65 and 39.01 ± 10.46 ng/ml (mean ± SEM), 
respectively, 30 min after last administration of 3 mg/ 
kg of NKH477. They then declined with half-lives of 
0.43 and 1.81 hr, respectively. Twenty-four hours after 
last administration, no NKH477 and little Ml were 
detected in the plasma of mice (Fig. 4). 



Effect ofNKH477 on the Generation of 
Antigen-Specific CTL 

To examine in vitro one of the mechanisms of the 
above findings in allograft survival, we investigated 
the effect of NKH477 on CTL activity. Specific cytolysis 
by C57BL/6 splenocytes (recipient strain) of DBA/2 
splenocytes (donor strain) and of C3H/He splenocytes 
(third strain) was measured (Fig. 5). C57BL/6 cells 
treated with control vehicle and cells treated with 1.5 x 
10" 8 M NKH477 showed similar increases in CTL re- 
sponse to DBA/2 target cells after MLR for 5 days. In 
contrast, cells treated with 4.5 x 10" 8 M NKH477 dur- 
ing MLR showed decreased CTL activity. These 
C57BL/6 cells showed little cytolytic activity when the 
target cells were from a third strain. Further, nonsen- 
sitized C57BL/6 spleen cells also showed little cytolytic 
activity against DBA/2 target cells. 

Effect ofNKH477 and CsA on IL-2 Production 

In the first experiments, supernatants of allogeneic 
MLR were harvested serially at 12, 24, 48, 72, or 120 hr 
after initiation, and concentrations of IL-2 were quan- 
tified. As shown in Fig. 6A, addition of NKH477 at a 
concentration of 4.5 x 10" 8 M to the culture signifi- 
cantly suppressed IL-2 production at 48 hr after initia- 
tion (NKH477 treated vs control vehicle: 6.05 ± 0.13 vs 
11.35 ± 0.46; mean ± SEM units/ml; 46.6% suppres- 
sion) when the control culture exhibited peak produc- 
tion. Figure 6B demonstrates the effects of several con- 
centrations of NKH477 or CsA on the IL-2 production 
after 48 hr MLR. CsA showed almost complete inhibi- 
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tion at the equivalent concentration (1 x 10" 7 M) to the 
therapeutic plasma level. Addition of NKH477 in the 
culture medium suppressed IL-2 production dose de- 
pendency, although the efficacy of NKH477 was rela- 
tively weak in comparison with CsA. NKH477 and CsA 
also exhibited similar inhibition patterns to the MLR, 
respectively, on IL-2 production during mitogen re- 
sponse to Con A (Fig. 6C). 

Effect ofNKH477 on T Cell Proliferation 

[ 3 H]Thymidine incorporation was significantly in- 
hibited by NKH477 at a concentration of 4.5 x 10" 8 M 
(80,056 ± 3656, mean cpm ± SEM) compared with the 
control vehicle (111,175 ± 8282) in allogeneic MLR 
with a percentage inhibition of 28.0% and in IL-2 
stimulation of unprimed splenic T cells (NKH477 vs 
control vehicle: 36,463 ± 1151 vs 55,565 ± 2694) with a 
percentage inhibition of 34.4% (Figs. 7 A and 7B). How- 
ever, the drug at the same concentration could not sig- 
nificantly suppress the proliferative response to exog- 
enous IL-2 of cells primed and activated by allogeneic 
MLR (NKH477 vs control vehicle: 229,344 ± 6381 vs 
238,636 ± 7966) (Fig. 7C). 

DISCUSSION 

We investigated the effects of NKH477 on cardiac 
allograft survival and on histopathological findings in 
the early stage of acute cellular rejection. In this acute 
rejection model, all DBA/2 cardiac allografts in saline- 
treated C57BL/6 recipients without any immunosup- 
pression were rejected within 12 days. Lower doses of 
CsA (5 or 10 mg/kg/day) had only slight effect on graft 
survival and 40 mg/kg/day of CsA had mild effect in 
this model. Considering body surface area, the oral 
dose of 40 mg/kg/day in mice is comparable to 3 mg/kg/ 
day in human (27) and this dose is the maintenance 
dose of CsA in clinical cardiac transplantation. Treat- 
ment with NKH477 at 1 mg/kg/day beginning on the 
day of transplantation resulted in slight prolongation 
of allograft survival, and at 3 mg/kg/day in a mild pro- 
longation of survival with a similar median survival 
time to that of the maintenance dose of CsA (Table 1). 
Inflammatory changes were less prominent in animals 
treated with NKH477 at 3 mg/kg/day than in the ve- 
hicle-treated group. Although no significant difference 
between the two groups was seen in the score for ne- 
crosis, it seems to be the reason that necrosis becomes 
apparent later in the course of rejection. 

cAMP-elevating agents such as forskolin have been 
suggested to have immunosuppressive effects on lym- 
phocytes. For example, they have an inhibitory effect 
on IL-2-secreting Thl lymphocytes in vitro (1), and de- 
crease IL-2 production and IL-2Ra (IL-2 receptor 
or-chain) expression via the suppression of both protein 
product and mRNA levels (2). Blockade of the IL-2 
pathway suppresses immunological responses to al- 



loantigens and prevents acute allograft rejection (28- 
30). The increase in [cAMP^ induced by forskolin and 
other agents is related to the inhibition of T cell pro- 
liferation (1, 31, 32). It also leads to the inhibition of 
CTL activity (4, 5). While CTL, activated and induced 
to proliferate after stimulation by alloantigens, are 
considered to play an important role in the course of 
allograft rejection (7-10), CTL generated in the pres- 
ence of forskolin showed suppressed lytic activity but 
normal proliferative responses to alloantigens (5). 

Considering these reports and the results of in vivo 
experiments, we tried to clarify the effects of NKH477 
on alloreactive CTL generation and IL-2 production 
during MLR and mitogen response to Con A. We com- 
pared its inhibitory effect on IL-2 production to that of 
a standard immunosuppressant CsA, since CsA is con- 
sidered to exhibit immunosuppressive effects mostly 
via inhibition of IL-2 gene transcription.(33-35) We 
used a concentration of NKH477 equivalent to the 
plasma level in in vivo experiment (Fig. 4). NKH477 at 
4.5 x 10" 8 M (24.6 ng/ml) inhibited the generation of 
alloreactive CTL and suppressed IL-2 production dur- 
ing MLR and mitogen response; however, it was less 
effective than equivalent concentration of CsA to the 
therapeutic plasma level. Prolongation of cardiac allo- 
graft survival might have resulted from this suppres- 
sion of IL-2 production, reflecting elevated expression 
of cytokines such as IL-2 in organ allografts undergo- 
ing acute rejection (36). These results also suggest 
some possible mechanisms by which NKH477 may 
have inhibited the generation of CTL. NKH477 might 
first suppress IL-2 production, and the resulting de- 
crease in IL-2 concentration may inhibit the differen- 
tiation of CTL. NKH477 might inhibit T cell prolifera- 
tion through the decreased production of IL-2 or 
through the reduced responsiveness to IL-2 of T cells 
(including CTL precursor), thereby leading to inhibi- 
tion of CTL generation, although other humoral factors 
for CTL generation have not been investigated in this 
study. We therefore assessed whether NKH477 had in- 
hibitory effects on T cell proliferation during MLR and 
on the proliferative responses to IL-2 of primed and 
unprimed splenic T cells using [ 3 H]thymidine incorpo- 
ration. The results indicated that NKH477 had an in- 
hibitory effect on T cell proliferative response when 
present in the culture medium throughout MLR or 
when unprimed T cells were stimulated with IL-2 in 
the presence of this drug. However, it did not have an 
inhibitory effect on IL-2 responsiveness of alloantigen- 
primed T cells at its physiological dose. These results 
indicate that NKH477, a cAMP-elevating agent, can- 
not block the progression of alloantigen-primed T cell 
proliferation at its physiological dose, although the 
possibility remains that it may counteract the initia- 
tion of T cell proliferation. 

The combined concentration of NKH477 and its 
equally active metabolite Ml in the plasma were kept 
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higher than 4.5 x 1CT 8 M, the concentration in the cul- 
ture medium in in vitro experiments, at 4 hr after the 
last administration. This suggests that immunosup- 
pressive effects of NKH477 in the in vivo experiments 
were exerted through modulation of T cell functions 
such as inhibition of CTL generation, while the drug 
could not have a suppressive effect on the proliferative 
response of primed T cells and the effects might not be 
specific to the suppression of allo-reactive immunity. 

Valitutti et al. reported that increases in [cAMPji 
suppressed the adhesion and motility of CTL, possibly 
by regulation of elements of their cytoskeleton forma- 
tion such as the F-actin and tubulin network (6). Thus 
adenylate cyclase activators inhibit functions of gener- 
ated CTL. Improved histopathological findings in the 
early stages of NKH477-treated allografts are also sug- 
gestive of these effects. In addition, recent studies have 
shown that cyclic AMP analogs and cAMP-elevating 
agents enhance cardiac preservation in rat and baboon 
cardiac transplant models through their beneficial ef- 
fect on vascular homeostatic mechanisms during global 
ischemia (37, 38). NKH477 may improve oxygen sup- 
ply to ischemic regions of allografts undergoing rejec- 
tion by maintaining vascular functions(possibly endo- 
thelial function) (37), thereby prolonging graft sur- 
vival. Another beneficial effect of NKH477 on vascular 
function is its vasodilating effect in coronary arteries. 
In smooth muscle cells of coronary arteries, NKH477 
attenuates acetylcholine-induced Ca 2+ mobilization 
and reduces the sensitivity of contractile machinery to 
Ca 2+ , possibly by activating cAMP-dependent mecha- 
nisms (39). 

In conclusion, NKH477, a water-soluble forskolin de- 
rivative, has inhibitory effects on antigen-specific CTL 
activities, and other beneficial effects on cardiac allo- 
graft survival. Concerning inhibitory effects on IL-2 
production, NKH477 was less effective than CsA and 
the drug might have less efficacy on in vivo immuno- 
suppression than moderate to high doses of CsA. How- 
ever, considering that NKH477 also has a positive ino- 
tropic effect on failing hearts, this drug may be a prom- 
ising agent for the management of hemodynamic states 
of patients after cardiac transplantation and for 
therapy against the cardiac dysfunction which emerges 
as a manifestation of acute rejection. Further studies 
are required to assess the beneficial effects of this drug 
and roles of immunomodulation by inotropic agents. 
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Graft-versus-host disease (GVHD) is a major compli- 
cation associated with allogeneic bone marrow trans- 
plantation (BMT). Cyclosporin A (CsA) has been used 
as the basis for most immunosuppressive regimens for 
the prevention of GVHD, but has exhibited only lim- 
ited effects and is hampered by nephrotoxicity, neuro- 
toxicity, and hepatotoxicity. Previously, we showed 
that rD-mPGPtide, a structure-base designed peptide 
analog of the CDR3-like region of domain 1 of the mu- 
rine CD4 molecule, suppressed the development of 
GVHD in a MHC-haploidentical murine BMT model 
when administered early in the course of disease. This 
peptide analog also inhibited T cell proliferation in 
mixed lymphocyte reactions (MLR) in vitro. The cur- 
rent results demonstrate that CsA and rD-mPGPtide 
exhibit an additive inhibitory effect on MLR. Further- 
more, the use of CsA and rD-mPGPtide together for 
prevention of GVHD nearly doubled the median sur- 
vival time of the mice compared to either agent alone. 
In addition, the combination therapy reduced the re- 
quirement for habitual administration of CsA. There- 
fore, the use of a CD4-CDR3 peptide can complement 
and potentiate the immunosuppressive effects of CsA 
in the prevention of GVHD following allogeneic BMT. 

O 1998 Academic Press 

Key Words: rD-mPGPtide; CD4 peptide; cyclosporin 
A; graft-vs-host disease; bone marrow transplantation. 



INTRODUCTION 

Allogeneic bone marrow transplantation (BMT) is 
currently being used as a treatment for a number of 
disease states including leukemias, multiple myeloma 
myelodysplasia, aplastic anemia, and severe combined 
immunodeficiency (1). The major complications which 
impede the overall success of this treatment include 
the development of graft-versus-host disease (GVHD), 

1 This work was supported by U.S. Public Health Grants T32 
CA09683 (R.T.) and HL55593 (R.K.). 



failure to engraft, infections resulting from chronic 
immunoincompetence, and leukemic relapse. Acute 
GVHD is caused by contaminating mature donor T cells 
in the bone marrow graft and leads to significant mor- 
bidity and mortality. The inhibition of T cell responses 
following BMT, by various means, has proven to be 
effective in preventing GVHD. Cyclosporin A (CsA), 
which has moderate effects on GVHD, has become the 
basis for many of the immunosuppressive regimens (1). 

CsA has been shown to be a potent immunosuppres- 
sive agent for solid organ transplantation and is cur- 
rently being tested for treatment of several autoim- 
mune diseases (2). CsA is thought to specifically inhibit 
lymphocytes by binding to cyclophilin (CyP), and this 
CsA-CyP complex binds to and blocks the function of 
calcineurin. Calcineurin, a phosphatase, plays a criti- 
cal role in the signaling cascade of T cells leading to 
the production of cytokines such as interleukin-2 (IL- 
2) (5, 6). Although CsA has been successfully used for 
the treatment of GVHD following allogeneic BMT, it 
has associated drawbacks, including hepatotoxicity, 
neurotoxicity, and nephrotoxicity (1,2). Previous stud- 
ies have also indicated that CsA can interfere with the 
normal thymic development of T cells leading to immu- 
noincompetency and the potential generation of autore- 
active T cells (3). Equally important is the need to ad- 
minister frequent doses of CsA to patients for up to 6 
months or more post-BMT, since alloreactive donor T 
cells can survive treatment and become activated once 
immunosuppression is halted (1). 

Our earlier reports documented that the CD4-CDR3 
peptide analog, rD-mPGPtide, was a potent inhibitor 
of murine CD4 T-cell-mediated immune responses, 
both in vitro and in vivo (4, 7, 8). In this regard, we 
also demonstrated that rD-mPGPtide suppressed the 
in vivo alloreactive responses associated with the onset 
of GVHD in the (B6 x DBA2)Fi - (B6 X CBA)F t MHC- 
haploidentical irradiated BMT model (8). In this model, 
the donor and recipient mice possess a full MHC mis- 
match, involving both class I and class II differences. 
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Injection of irradiated (950 cGy) (B6 X CBA)F, mice 
with an inoculum of donor T cells along with donor 
bone marrow induced an acute GVHD reaction which 
resulted in fatality within 2-3 weeks. The current 
study indicated that rD-mPGPtide and CsA could in- 
hibit T cell responses in vitro and were more potent 
together than either agent was alone. Furthermore, 
administration of rD-mPGPtide to recipient mice fol- 
lowing BMT significantly increased the median sur- 
vival time (MST) of mice with GVHD, as did the admin- 
istration of CsA. However, when rD-mPGPtide and 
CsA were administered together, survival was greater 
than when either agent was administered alone. 

MATERIALS AND METHODS 

Mice. Mice, (B6 X DBA2)F, [(B6D2)FJ (H-2 bd ) and 
(B6 X CBA2)F, [(B6CBA)F,J (H-2 bk ) ( were purchased 
from The Jackson Laboratory (Bar Harbor, ME). Male 
mice were used as donors between the ages of 7 and 
12 weeks and as recipients between the ages of 9 and 
16 weeks. Mice were kept in a sterile environment in 
microisolators at all times and were provided with acid- 
ified water and autoclaved food. 

Media. Buffered saline solution (BSS) supplemented 
with 0.1% BSA (Hyclone, Logan, UT) was used for all 
in vitro manipulations of the donor bone marrow and 
lymphocytes. For injection, cells were resuspended in 
BSS alone. RPMI 1640 (Mediatek, Herndon, VA) sup- 
plemented with 10% FCS (Sigma, St. Louis, MO) and 
10 U/ml glutamine, 10 U/ml penicillin and streptomy- 
cin, and 0.05mM BME (Mediatech, Inc. Herndon, VA) 
was used for all in vitro mixed lymphocyte responses. 

Peptides. The peptides were designed as previously 
described (7), synthesized on an Applied Biosystems, 
Inc. (Foster City, CA) 430A peptide synthesizer using 
standard Fmoc chemistry, refolded to enrich for intra- 
molecular disulfide bonding, and purified by HPLC 
(Waters 600E system controller, Waters 490E pro- 
grammable multiwavelength detector, Millipore Corp, 
Bedford, MA) before use. The sequences of the synthe- 
sized peptides were as follows: rD-mPGPtide (CPG- 
PEEKRNELEC, all D-amino acids) and scrambled rD- 
mPGPtide (Scr-PGPtide; same amino acid composition, 
but scrambled sequence, CEPKNELPERGEC, all D- 
amino acids). For treatment of GVHD, peptides were 
reconstituted in BBS and injected at the appropriate 
dose and time into mice iv in a volume of 0.25 ml. 

Injections. All cell suspensions were given intrave- 
nously via the tail vein in a maximum volume of 0.5ml 
of BSS. 

Irradiation. All recipient mice received a 950-cGy 
exposure from a Gammacell ,37 Cs source (116 cGy/min). 



mAbs. Ascites fluid for anti-Thy-1.2 (Jlj, rat IgM) 
and anti-CD8 (3.168, rat IgM) mAb were used for cell 
preparations. In addition, goat anti-mouse IgG (whole 
molecule) antibodies were purchased from Cappel-Or- 
ganon Teknika (Westchester, PA). Guinea pig serum 
prepared in our laboratory was used as a source of 
complement C for all mAb treatments. 

Preparation of ceils. Bone marrow cells were ob- 
tained from the femurae and tibiae of donor mice by 
flushing with BSS w/0.1% BSA. To prepare anti-Thy-1- 
treated (T cell depleted) bone marrow (ATBM), cells 
were incubated with Jlj mAb (at 1:100 dilution) and C 
(1:25) for 45 min at 37°C and were washed four times. 
T-cell-enriched donor cell populations were prepared by 
treating pooled spleen and lymph node cells with: (a) 
Gey's balanced salt lysing solution containing 0.7% 
NH 4 C1 for removal of RBC; and (b) panning on a plastic 
petri dish precoa ted with a 5 /xg/ml solution of goat anti- 
mouse IgG for 1 h at 37°C to remove B cells. These 
treatments resulted in populations of 90-95% CD3 + 
cells, as quantitated by flow cytometric analysis. Fur- 
ther purification of T cells into CD4 + cells was performed 
as described previously. These procedures resulted in 
purified populations of CD4 + cells (>90%) with no de- 
tectable presence of the inappropriate subset. 

Mortality assay for G VHD. Recipient mice were ir- 
radiated with 950 cGy and approximately 6 h later 
were injected intravenously with either donor ATBM 
(2 X 10 6 ) alone as a negative control or a mixture of 
ATBM plus donor T cells as indicated. Mice were 
checked daily for morbidity and mortality until the ex- 
periments were terminated at day 60 after trans- 
plantation. MST were calculated as previously de- 
scribed. Statistical comparisons between experimental 
groups for mortality curves were performed by the non- 
parametric Wilcoxon signed rank analysis. 

RESULTS 

The effect of rD-mPGPtide and cyclosporin A on allo- 
reactivity in vitro. To assess the effect of combining 
rD-mPGPtide and CsA on T cell responses in vitro, 
lymph node cells taken from (B6 X DBA2)F, mice were 
stimulated in vitro with irradiated (15 Gy) spleen cells 
from (B6 X CBA)Fj mice. The proliferative response 
was measured by pulsing with [ 3 H]TdR for the final 
day of a 5-day culture. Titered concentrations of rD- 
mPGPtide (50-200 fjM) were added to appropriate cul- 
ture wells in order to test the inhibitory properties of 
the peptide. As indicated in Table la, rD-mPGPtide 
inhibited proliferation in a dose dependent manner. 
Nearly 90% inhibition of the proliferative response was 
observed with the addition of 200 //M rD-mPGPtide, 
and the 50% inhibitory concentration (IC 50 ) was ap- 
proximately 100 fM. CsA was also a potent inhibitor 
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TABLE 1 

In Vitro Inhibition of MLR by a C ombination of rD-mPGPtide with CsA 

CsA kg/ml) 



rD-mPGPtide frM) 0 0.001 0.01 0.1 



(A) (B6xDBA2)F, Anti-(B6xCBA)F, 

0 31.5 ± 3.3 23.1 ± 1.2 7.5 ± 3.6 



50 24.8 ± 13.6 19.5 ± 0.8 9.0 ± 9.1 ND 

ND 
ND 



100 15.6 ± 4.7 12.9 ± 5.3 3.5 ± 1.0 

200 4.2 ± 0.8 2.7 ± 1.2 2 7 +05 
(B) CBA Anti-C57BL/6 

° 14.1 ± 3.0 ND 9.7 ±0.5 4.2+14 

\l 7.7 ± 1.8 ND 6.0 ± 1.1 2.1 ±07 

H 5 9 ± 2 7 ND 3.6 ±0.9 2.8 ±0.6 

67 2 -5 ± 1-4 ND 1.5 ±0.3 10±07 



J^aT Puit^ 655 ^ 35 3 r !ff nSe indeX ' S °- Res P° nse index is defined ™ the ratio of the [ 3 H]TdR incorporated by experimental 
ns ■ !J incorporated by unstimulated responder cells. ND, no data. In each well, 2 X 10 s responder cells were stimulated 
with 4X10 irradiated stimulator cells. Wells were pulsed with 1 fid ( 3 H]TdR. 



of the MLR in the range of 1-10 ng/ml. In addition, 
the peptide and CsA exhibited an additive effect on 
inhibiting the proliferative response of the MLR, i.e., 
suppression was greater when the reagents were added 
together than with either one alone. This additive effect 
was also observed in MLR when other strain combina- 
tions were utilized (Table lb). 

The effect of combined treatment of rD-mPGPtide 
and cyclosporin A on GVHD, In an attempt to evalu- 
ate the effect of combining rD-mPGPtide and CsA in 
vivo, an acute form of GVHD was induced in lethally 
irradiated (9.5 Gy) (B6 X CBA)F Z mice by administra- 
tion of 5 X 10 6 (B6 X DBA2)F X T cells along with 2 X 
10 6 (B6 X DBA2)F l ATBM. In this GVHD model, the 
untreated mice exhibited 80% fatality by day 20 post- 
transplant with a MSTof 13 days (Fig. 1A). Experimen- 
tal groups received either a daily ip injection of CsA at 
a suboptimal dose of 10 mg/kg, or rD-mPGPtide (0.5 
mg iv) on days 0, 3, and 6. The MST for mice treated 
with either rD-mPGPtide or CsA was 28 and 30 days, 
respectively. A combination of the two treatment regi- 
mens resulted in significant prolongation of survival 
(MST of 53 days) compared to the untreated group (P < 
0.05). In addition, the survival of the combination treat- 
ment group was significantly prolonged in comparison 
to either treatment alone (P < 0.04). Thus, rD- 
mPGPtide and CsA have an additive inhibitory effect 
on the development of GVHD across MHC barriers. 

Combination of rD-mPGPtide and short-term CsA 
prophylaxis for G VHD. The inherent toxicity and per- 
sistent immunosuppression associated with CsA are 
major complications associated with long-term admin- 
istration for the prevention of GVHD. In this regard, 
it was hypothesized that rD-mPGPtide could eliminate 



the need for long-term CsA administration. To test this 
notion in the same haploidentical BMT model as de- 
scribed above, GVHD was induced by the transplanta- 
tion of 5 X 10 6 donor (B6 X DBA2)F! T cells, and mice 
were either left untreated, injected iv with rD- 
mPGPtide (0.5 mg, days 0, 3, 6), or administered CsA 
(20 mg/kg) ip daily for 8 weeks (long-term CsA; Fig. 
IB). Two additional experimental groups received CsA 
either alone (20 mg/kg) ip daily for only 2 weeks (short- 
term CsA) or in combination with rD-mPGPtide (0.5 
mg iv, days 0, 3, 6). The survival of the rD-mPGPtide- 
treated mice (MST of 18 days) was significantly en- 
hanced (P< 0.01) compared with that of the untreated 
group (MST of 8 days). Both CsA- treated groups exhib- 
ited enhanced survival compared with the untreated 
group as well (P < 0.01). However, short-term CsA 
administration (MSTof 43 days) was less effective than 
long-term CsA administration (MST of 61 days). The 
coadministration of rD-mPGPtide with short-term CsA 
therapy (MST of 59 days) significantly enhanced sur- 
vival of these mice (P^ 0.04) compared with the short- 
term CsA alone. It should also be noted that the sur- 
vival of the combined rD-mPGPtide and short-term 
CsA-treated mice was equivalent to that achieved with 
long-term CsA administration (P= 0.75). 

DISCUSSION 

It is apparent from our results that administration 
of rD-mPGPtide and CsA together can significantly in- 
hibit T cell reactivity both in vitro and in vivo, com- 
pared with either agent alone. The additive effect these 
agents display would allow for the reduced utilization 
of the more toxic immunosuppressive compound (CsA) 
while still maintaining the high degree of recipient sur- 
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m? roA^ treatment with rD-mPCPtide and CsA on survival of mice undergoing GVHD across a MHC-haploidentical barrier 
(Bb x CBA)Fi mice were lethally irradiated (950 cGy) and transplanted with allogeneic (B6 X DBA2)F, ATBM (2 x 10 6 ) cells alone or 
with unseparated donor T cells (5 x 10 6 ) as indicated. (A) Recipients of T cells were either left untreated (positive GVHD control) injected 
iv with rD-mPGPtide (0.5 mg) every third day between days 0 and 6, injected ip with CsA (10 mg/Kg) daily, or given both regimens as 
indicated in the figure. The data are representative of three separate experiments and 5 mice were utilized per group. (B) Recipients of T 
cells were either left untreated (positive GVHD control), injected iv with rD-mPGPtide (0.5 mg) every third day between days 0 and 6, 
injected ip with CsA (10 mg/Kg) daily for 2 or 8 weeks, or given combinations of both regimens as indicated in the figure. The data are 
composites from two separate experiments, a total of 10 mice were utilized per group and significance was determined by non-parametric 
Wilcoxon signed rank analysis utilizing SYSTAT 5.2 software. 



vival following BMT seen with continuous utilization 
of CsA. The probable differences in the mechanisms of 
action of these compounds allow for the speculation 
that these two agents could suppress T cells in a com- 
plimentary manner. 

The mechanism by which CsA inhibits T cell responses 
via inhibition of IL-2 production is well known and can 
be partially blocked by the addition of exogenous IL-2. 
While the exact mechanism of rD-mPGPtide-mediated 
immunosuppression is still unclear, we previously dem- 
onstrated that the inhibition induced by rD-mPGPtide 



is not overcome by the addition of exogenous IL-2 (8), 
thus making the combined immunosuppressive effect 
more resistant to circumvention by cytokine rescue. Fur- 
thermore, rD-mPGPtide is an analog of the murine CD4 
molecule and has demonstrated little activity against 
CD8 + T cell responses. CsA is not specific to either T cell 
subset and thus will suppress CD8 + T cell responses. 
Thus, combining CsA with the peptide allows for inhibi- 
tion of both T cell subsets which contribute to GVHD. 
We have previously postulated the rD-mPGPtide acts on 
T cells by disrupting the formation of the multimeric 
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CD4 complexes formed on the surface of the T cell upon 
TCR ligation thus preventing the proper cosignaling re- 
quired for fulminant activation. Since it has been demon- 
strated that CsA inhibits the TCR signaling pathway by 
binding to calcineurin, the combination of the two agents 
would disrupt both the primary and secondary signaling 
mechanisms required for T cell activation. The result of 
inhibiting two of the major signal pathways simultane- 
ously could result in the enhanced immunosuppressive 
activity seen. 

The data thus far suggest only an additive effect of 
these two agents on T cell responses and more experi- 
mentation is required to demonstrate a synergistic ef- 
fect of the compounds. In any case, the CD4-CDR3 pep- 
tide is indeed compatible with CsA treatment and in 
fact enhances its efficacy in preventing the develop- 
ment of GVHD following allogeneic BMT. 
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A structure-based designed peptide has been engineered to 
exhibit the same molecular surface as a portion of the CDR3- 
like region In domain 1 of the murine CD4 molecule. Earlier 
in vitro experiments indicated that this analog, known as rD- 
mPGPtide, inhibited T-cell proliferation in mixed lymphocyte 
reactions and blocked activation of both normal CD4+ T cells 
and T-cell lines after T-cell receptor triggering. In addition, 
rD-mPGPtide proved to be a potent inhibitor in vivo of CD4* 
T-cell- mediated experimental allergic encephalomyelitis 
disease in the SJL mouse model. In this current report, we 
have evaluated the potential of rD-mPGPtide for suppressing 
the development of graft-versus-host disease (GVHD) In an 
irradiated major histocompatibility complex (MHC)-haplo- 
identical murine bone marrow transplantation (BMT) model 
[(B6 x DBA/2JF, - (B6 x CBAJF, (950 cGy}]. Our results indi- 

ALLOGENEIC BONE MARROW transplantation (BMT) 
xjL is currently being used as a treatment for a number of 
disease states including several types of leukemia, aplastic 
anemia, and severe combined immunodeficiency, among 
others.' The major complications that impede the overall 
success of this treatment include the development of graft- 
versus-host disease (GVHD), marrow graft rejection, chronic 
immuno-incompetence, and leukemic relapse (in the case of 
BMT for the treatment of leukemias). Acute and chronic 
GVHD is caused by residual mature donor T cells in the 
bone marrow graft and leads to significant morbidity and 
mortality. 2 Removal of the mature T cells from the graft 
before engraftment reduces or prevents GVHD; however, 
this T-cell depletion also leads to reduced engraftment along 
with increased leukemia relapse rates. 3 * 5 These observations 
suggest the importance of a T-cell component in a successful 
BMT, although it is not clear whether GVHD reactive T 
cells can be separated completely from either the antileuke- 
mia effect or from enhanced hematopoietic engraftment. 
This question can only be approached by highly selective 
means of inhibiting those host-allospecific GVHD-reactive 
T cells, while allowing for the potential development of 
anuleukemia-specific responses and for protection from op- 
portunistic infections. 
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cated that early administration of rD-mPGPtide was effective 
in the inhibition of alloreactive responses of the donor T 
cells against the host and thus delayed or prevented the 
onset of GVHD. The median survival time of animals treated 
with rD-mPGPtide was enhanced as much as four-fold with 
as little as a single dose of peptide at the time of transplant. 
Decreased alloreactivity was indicated by phenotypic and 
functional analysts of positively selected thoracic duct lym- 
phocytes 4 days after transplant and by histopathological 
examination of skin and gastrointestinal tissue samples 4 
weeks later. Therefore, the administration of a CD4-CDR3 
peptide is an efficacious approach against the development 
of GVHD during allogeneic BMT. 
© 1996 by The American Society of Hematology, 

The CD4 molecule on the surface of helper T cells, in 
association with the T-cell receptor (TCR)-CD3 complex 
that recognizes specific antigen in the context of MHC class 
II, plays a critical role in the transmembrane and intracellular 
signaling pathways required for T-cell activation. 6 "" It has 
been well-established in murine models that CD4 + T cells 
are capable of mediating GVHD, primarily across MHC 
class II barriers, 1213 but also in some cases with minor histo- 
compatibility antigenic differences. 14 - 15 Inhibiting CD4 + T- 
cell responses by treatment of recipient mice with mono- 
clonal antibodies (MoAb) directed against the CD4 molecule 
has effectively decreased the incidence of GVHD following 
BMT. 16 *' 8 However, MoAb therapy has several limitations 
for potential clinical use, including but not limited to total 
subset depletion and immunogenicity of the MoAb it- 
self. 192 ' 

In previous reports, we have described the design and 
production of a peptide that specifically mimics the CDR3- 
like region in the Dl immunoglobulin domain of the murine 
CD4 molecule. 22,23 This peptide analog consists of thirteen 
amino acids (CELENRKEEPGPC) taken from the p86-94 
sequence of the CD4 molecule with the addition of a proline- 
glycine-proline-cysteine sequence to the carboxyl terminus 
to allow cyclization and tertiary structural constraint. In order 
to make the peptide more resistant to protease degradation, 
it was synthesized with D-amino residues, necessitating the 
reversal of the amino acid order so that side chain presenta- 
tion would be similar to the native molecule. 23 As a result 
of these adaptations, this CD4 peptide analog is referred to as 
reverse D amino acid mouse proline-glycine-proline peptide 
(rD-mPGPtide). The rD-mPGPtide is neither T-cell subset 
depletive nor immunogenic and thus has advantages over 
the use of anti-CD4 MoAb. 

Our earlier reports documented that rD-mPGPtide is a 
potent inhibitor of certain types of CD4 + T-cell- mediated 
immune responses both in vitro and in vivo. In this report, 
we demonstrate the potential of rD-mPGPtide for inhibiting 
the in vivo alloreactive responses associated with the onset 
of GVHD in a major histocompatibility complex (MHC) 
haploidentical murine BMT model (B6 X DBA/2)F, -» (B6 
X CBA)F, (950 cGy). In this model, the donor and recipient 
mice possess both class I and class II differences. Injection 
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of irradiated (B6 X CB A)F, mice with a donor bone marrow 
inoculum supplemented with either 5 X 10 6 unseparated or 
I X 10 6 CD4+ enriched donor T cells induces an acute form 
of GVHD, which leads to fatality within 2 to 3 weeks. We 
show here that administration of rD-mPGPtide to recipient 
mice at varying times within the first week of transplantation 
significantly increased the median survival time of mice un- 
dergoing GVHD. 

MATERIALS AND METHODS 

Mice. Mice, (B6 x DBA/2)F, , [(B6D2)F, (H2 W )3 and (B6 x 
CBA)F| {(B6CB)F, (H2 h/k )] > were purchased from the Jackson Labo- 
ratory (Bar Harbor, ME). Male mice were used as donors between 
the ages of 7 to 12 weeks and as recipients between the ages of 9 
to 16 weeks. Mice were kept in a sterile environment in microisola- 
tors at all times and were provided with acidified water and auto- 
claved food. 

Media. Buffered saline solution (BSS) supplemented with 0.1% 
bovine serum albumin (BSA) (Hyclone, Logan, UT) was used for 
all in vitro manipulations of the donor bone marrow and lympho- 
cytes. For injection, cells were resuspended in BSS alone. RPMI 
1640 (Mediatek, Herndon, VA) supplemented with 10% fetal calf 
serum (FCS) (Sigma, St Louis, MO) and 10 U/mL glutamine, 10 
U/mL penicillin and streptomycin, and 0.05 mmol/L /?-mercaptoeth- 
anol (Mediatech) was used for all in vitro mixed lymphocyte re- 
sponses. 

Peptides. The peptides were designed as previously described, 24 
synthesized on an Applied Biosystems 430A peptide synthesizer 
(Foster City, CA) using standard Fmoc chemistry, refolded to enrich 
for intramolecular disulfide bonding, and purified by HPLC (Waters 
600E system controller, Waters 490E programmable multi-wave- 
length detector, Millipore Corp, Bedford, MA) before use. The se- 
quences of the synthesized peptides were as follows: rD-mPGPtide 
(CPGPEEKRNELEC, all D-amino acids) and scrambled rD- 
mPGPade (Scr-PGPtide; CEPKNELPERGEC, all D-amino acids). 
For treatment of GVHD, peptides were reconstituted in PBS and 
injected at the appropriate dose and time into mice intravenously 
(IV) in a volume of 0.25 mL. 

Irradiation. All recipient mice received a 950 cGy exposure 
from a Gammacell ,37 Cs source (116 cGy/min). 

MoAb. Ascites fluid for anti-Thy-1.2 (Jlj, rat IgM) 23 and anti- 
CD8 (3.168, rat IgM) 26 MoAb were used for cell preparations. In 
addition, goat ami mouse IgG (whole molecule) antibodies were pur- 
chased from Cappel-Organon Teknika (Westchester, PA). Guinea 
pig serum prepared in our laboratory was used as a source of C 
for all MoAb treatments. For phenotypic analysis of cells by flow 
cytometry, anti-murine CD4 (FITC-conjugated or biotinylated, as 
appropriate), CD25, CD71, CD95 (all biotinylated), and rat IgG 
(FTTC- or PE-conjugated, as appropriate) standard control antibodies 
were purchased from Pharmingen (San Diego, CA). 

Preparation of cells. Bone marrow cells were obtained from the 
femora and tibiae of donor mice by flushing with BSS with 0.1% 
BSA. To prepare anti -Thy- 1- treated (T-cell -depleted) bone mar- 
row (ATBM), cells were incubated with Jlj MoAb (at 1: 100 dilution) 
and C (1:25) for 45 minutes at 37°C and were washed four times. 
T-cell enriched donor cell populations were prepared by treating 
pooled spleen and lymph node (LN) cells with: Gey's balanced salt 
lysing solution containing 0.7% NH»C1 for removal of RBC, and 
panning on a plastic petri dish pre-coated with a 5 pg/mL solution 
of goat antimouse IgG for 1 hour at 37°C to remove B cells. These 
treatments resulted in populations of 90% to 95% CD3 + cells, as 
quamitated by flow cytometric analysis. Further purification of T 
cells into CD4 + cells was performed as described previously.' 4 These 



procedures resulted in highly purified populations of CD4 + cells 
(>90%) with no detectable presence of the inappropriate subset. 

Flow cytometric analysis. In a 96- well plate. 2 X 10 5 cells/ 
sample were incubated and washed with BSS containing 1% fetal 
bovine serum (FBS) and 0.05% NaN 3 (FACS buffer). Antibodies, 
conjugated to either FTTC or biotin, were added to the appropriate 
wells in a volume of 25 pL for 30 minutes at 4°C then washed three 
times in FACS buffer and fixed overnight at 4°C in PBS containing 
1% paraformaldehyde. In the case of the biotin conjugated antibod- 
ies. PE-streptavidin (Caltag, San Francisco, CA) was added (1:100 
dilution) before fixation with paraformaldehyde and incubated for 
an additional 30 minutes at 4°C, then washed three times in FACS 
buffer and fixed with paraformaldehyde. Samples were analyzed on 
a Coulter Epics Profile II (Coulter Corp. Hialeah, FL). 

In vitro mixed lymphocyte reaction (MLR). Single cell suspen- 
sions of responder cells for the murine MLR were obtained from 
either spleen and lymph nodes or TDL, as indicated. Stimulator cells 
were obtained from the spleens of indicated mice, irradiated with 
15 Gy and washed three times with medium. In a 96- well plate 4 
X 10 s responder cells were incubated with 8 X I0 5 stimulator ceils 
or medium alone for the indicated period of time at 37°C, 5% C0 2 . 
Cultures were incubated with I pCi [ 3 H}TdR/well for the final 24 
hours, harvested, and counted. The percent response was calculated 
in the following manner experimental CPM [ 3 H]TdR minus medium 
alone CPM)/(anti-(B6CB)F, only CPM [ 3 H]TdR minus medium 
alone CPM). Responses indices were calculated as a ratio of the 
experimental CPM [ 3 H]TdR to the anti-(B6D2)F, only CPM ( 3 H]- 
TdR. When indicated, culture supematants were removed and tested 
for cytokine production by CTLL bioassay, as previously de- 
scribed." Briefly, 1 X 10 4 CTLL cells in 25 pL medium were added 
to 100 pL of culture supernatant in a 96- well plate. Anti-murine 
interleukin-2 (IL-2) MoAb was added at 2 pg/mL in 25 pL to appro- 
priate wells. Cells were cultured for 24 hours and incubated with I 
pd [ 3 H]TdR/weII for the final 6 hours, harvested, and counted. 
Experimental results were compared with a standard curve of mlL- 
2 and IL-4. Statistical comparisons between experimental groups 
for proliferation responses were performed by the Student's f-test 
analysis, using SYSTAT 5.2 software. 

Collection of thoracic duct lymphocytes (TDL). Anesthetized 
mice were cannulated 4 days after injection of 10 7 (B6D2)F, CD4* 
T cells by insertion of an Intramedic PE 50 tubule into a fistula 
perforated in the cystema chylae, as previously described. 28 The mice 
were then placed on an apparatus which allows the mice exercise and 
access to food while they are being infused IV with physiologic 
saline. The lymph was collected for 8 to 10 hours in 15-mL tubes 
containing 2 mL RPMI 1640 medium supplemented with 10% FBS, 
1 U/mL heparin, and kept at 4°C until assay. 

Mortality assay for GVHD. Recipient mice were irradiated with 
950 cGy and approximately 6 hours later were injected IV (in a 
maximum volume of 0.5 mL of BSS) with either 2 X 10 6 donor 
ATBM cells alone, as a negative control, or a mixture of ATBM 
plus donor T cells, as indicated. Mice were checked daily for morbid- 
ity and mortality until the experiments were terminated at day 60 
posttransplantation. Median survival times (MST) were calculated 
as previously described. 14 Statistical comparisons between experi- 
mental groups for mortality curves were performed by the nonpara- 
metric Wilcoxon signed rank analysis, using SYSTAT 5.2 software. 

Histopathological analysis. Two mice per experimental group 
were killed on day 27 post-BMT and organs were removed and fixed 
with 4% paraformaldehyde. Ear skin and gut were then processed 
for embedding in paraffin. Paraffin sections (6 p) were cut and 
stained with hematoxylin and eosin (H&E). Sections were examined 
microscopically as indicated for the presence of inflammatory infil- 
trates and dyskeratotic or necrotic cells. 
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Fig 1. Inhibition of in vitro allogeneic MLR by rD mPGPtide. The 
data shown are representative of three separate experiments and 
expressed as mean percent response [*HHdR incorporation of tripli- 
cate wells. The rD-mPGPtide was added at 200, 100, and SO j*mol/L 
to the appropriate wells and rhlL-2 was added at 100 U/mL to the 
appropriate wells. 



RESULTS 

rD-mPGPtide inhibits alloreactivity in vitro. Lymph 
node cells taken from (B6D2)F, mice were stimulated in 
vitro with irradiated (15 Gy) spleen cells from (B6CB)F, 
mice and the proliferative response was measured by [ 3 H]- 
TdR incorporation on day 4. Titered concentrations of rD- 
mPGPtide (50 to 200 /imol/L) were added to appropriate 
wells in order to test the inhibitory properties of the peptide. 
As shown in Fig l t the addition of rD-mPGPtide inhibited 
proliferation in a dose-dependent manner. Nearly 90% inhi- 
bition of the proliferative response was observed with the 
addition of 200 jzmoI/L of rD-mPGPtide and the 50% inhibi- 
tory concentration (IC50) was 50 to 100 /zmol/L. Further- 
more, the presence of 100 U/mL of recombinant human 
IL-2 in the cultures failed to re-establish the proliferative 
response. It appeared that rD-mPGPtide could inhibit allore- 
activity generated by this MHC-hapIoidentical strain combi- 
nation in vitro, and thus had the potential to inhibit such 
immune responses in vivo, as well. 

rD-mPGPtide inhibits acute GVHD directed across a 
MHC barrier. An acute form of GVHD was induced in 
lethally irradiated (950 cGy) (B6CB)F, mice by IV adminis- 
tration of 5 X 10 6 (B6D2)F, T cells along with 2 X 10 6 
(B6D2)F, ATBM. In this GVHD model, the untreated mice 
exhibited 80% fatality by day 20 posttransplant with a MST 
of 13 days (Fig 2). Transplanted mice were also administered 
three different regimens of rD-mPGPtide treatment, includ- 
ing: (I) daily injections (0.5 mg/injection) from days 0 to 6 
post-BMT; (2) alternate days during this same time period 
(days 0, 2, 4, 6); and (3) every third day (days 0, 3, 6). 
Treatment with these regimens of rD-mPGPtide increased 
the MST of these mice to 32 t 30, and 28 days, respectively. 
The observed increases were statistically significant as com- 
pared with the untreated group (P < .03 for all of the rD- 
mPGPtide- treated groups), although there was little differ- 
ence between the three different regimens among themselves 
(P > .05). With time, all of the peptide-treated mice that 



received donor T cells eventually succumbed to GVHD. 
Both CD8 + and CD4 + T cells are likely to play a role in the 
development of GVHD in this strain combination due to the 
fact that the donor and recipient mice differ at both class I 
and class II MHC loci. Since the donor T cell subsets were 
unseparated, there was a potential development of a CD8 + 
T-cell- mediated GVHD, against which the rD-mPGPtide 
would be expected to have little effect. 

rD-mPGPtide inhibits acute GVHD mediated by MHC 
allogeneic CD4* T cells. To specifically evaluate the effect 
of rD-mPGPtide on CD4 + T cells during the GVHD re- 
sponse, an acute form of GVHD was again induced in irradi- 
ated (950 cGy) (B6CB)F, mice by administration of I X 10 6 
(B6D2)F, CD4 + T cells along with 2 X 10 6 (B6D2)F, 
ATBM. As shown in Fig 3, the MST for those mice left 
untreated was 25 days. Mice treated with rD-mPGPtide on 
days 0, 3, and 6 exhibited a significant increase in the MST 
to >60 days post-BMT (P < .02). In this case, 82% of the 
mice treated with rD-mPGPtide survived for the duration of 
the experiment, as compared with 27% of the untreated 
GVHD mice and 91% of the control mice transplanted with 
only ATBM (P < .02). A single injection of rD-mPGPtide 
also resulted in a significant increase in the MST (P < .05) 
with 80% of the mice surviving past 60 days. A cyclized 
control scrambled peptide (Scr-PGPtide) was also tested (0.5 
mg administered on days 0, 3, and 6) to ensure specificity 
of the rD-mPGPtide and did not significantly affect survival 
as compared with the untreated mice (P > .99), with only 
33% surviving past 60 days (Fig 3). The body weights of 
surviving animals at the conclusion of the experiment (day 
60) exhibited little differences between groups: 30.0 ± 1 .0 
g for the ATBM group, 27.9 ± 2.4 g for the GVHD group, 
26.6 ± 5 g for the rD-mPGPtide day 0,3,6-treated group, 
28.1 ± 1.3 g for the rD-mPGPtide day 0-treated group, and 
26.6 ± 3.3 g for the Scr-PGPtide -treated group. These data 
suggested that a chronic form of GVHD was absent in these 
surviving mice. To examine the possibility that regulatory 
cells were being generated during peptide treatment, 1 .25 X 
10 7 spleen and LN cells from rD-mPGPtide- treated 
(B6CB)F, , mice more than 80 days posttransplantation of 
10 6 (B6D2)F, CD4* T cells were transferred to de novo- 
irradiated (B6CB)F, mice undergoing GVHD by the same 
conditions. No enhancement of survival of the mice receiv- 
ing adoptively transferred lymphoid cells (MST = 16 days; 
percent survival = 20%) was observed, as compared with 
the GVHD mice receiving just donor CD4 + T cells (MST 
= 13 days; percent survival = 0%). 

Histopathological analysis. To evaluate the peptide' s ef - 
feet on the clinical manifestation of GVHD in the target 
tissues, histology sections were prepared 27 days post-BMT 
from rD-mPGPtide- treated or untreated mice undergoing 
GVHD. Tissue samples were taken from ear skin and the 
gastrointestinal tract and examined for morphological 
changes such as swelling, cellular damage, and the presence 
of inflammatory infiltrates. In the ear skin and small intesti- 
nal tissue of the untreated GVHD mice (Fig 4B and E) there 
was significant inflammatory infiltration in comparison with 
the ATBM controls (Fig 4A and D). Numerous dyskeratotic 
and necrotic cells were also observed in the epidermal layers 
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Fig 2. Survival of mice undergoing GVHO across a MHC-haploidentical barrier is enhanced by varying treatments with rO-mPGPtide. 
(B6CBJF, mice were lethalty irradiated (950 cGy) and transplanted with allogeneic (B6D2JF, ATOM (2 x 10*1 cells alone, or with unseparated 
donor T cells (5 x 10*). Recipients were either left untreated (positive GVHD control), injected IV with rD-mPGPtide (0.5 mg) daily, every other 
day, or every third day between days 0 and 6. The data are representative of three separate experiments and the numbers of mice used per 
group are indicated In the figure. 
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Fig 3. Survival of mice undergoing CD4+ T-oell- mediated GVHD across a MHC-haploldeirtlcal barrier is enhanced by treatments with rO- 
mPGPtide. (BSCBJF, mice were lethalh/ irradiated (950 cGy) and transplanted with allogeneic (B6D2JF, ATBM (2 x 10*) cells alone, or wfth 
CD4* T cells (1 x 10*). The rO-mPGPtide (0.5 mg) was administered IV on either day 0 alone or on days 0, 3, and 6. Scr-PGPtide (0.5 mg) was 
injected on days 0, 3, and 6 and had no significant effect on survival. Data are pooled from two separate experiments and the total numbers 
of mice used per group are Indicated In the figure. 
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Fig A. Ear skin (A through C) and small intestine (D and E) of irradiated (950 cGy) (B6CB)F, mice 27 days after the transplantation of either 
(B6D2)F, ATBM {2 * 10 6 ) alone {A and DJ or with 1 x 10 6 (B6D2JF, CD4* T cells, and left untreated {B and E) or rD-mPGPtide-treated (0.5 mg) 
on days 0, 3, and 6 (C and F}. Two mice per group were examined. The epidermal layer and intestinal epithelium of mice receiving only ATBM 
(A and D) were devoid of cellular injury, whereas numerous dyskeratotic and necrotic cells (arrows) were observed in the untreated positive 
GVHD controls (B and E). Also note the cellular infiltrate in lamina propria of positive control intestine (E), Peptide-treated animals failed to 
exhibit significant skin (C) and gut (F) pathology, and resembled ATBM controls. {Final magnification: A-C. x800; D-F, x500). 



of both the skin and gut, suggesting GVHD-rclatcd cell 
death. In contrast, the tissue samples from the rD- 
mPQPcide- treated mice (Fig 4C and F) exhibited limited 
inflammatory infiltrates and significantly fewer dyskeratotic 
cells. The differences between the groups were quantitated 
by counting the number of dyskeratotic cells per linear milli- 
meter of epidermis (Fig 5). The samples from peptide -treated 
mice displayed a two- to three-fold decrease in the frequency 
of dyskeratotic cells as compared with those from the GVHD 
control mice. These combined data suggested that prophylac- 
tic treatment of transplanted mice with rD-mPGPtide sig- 
nificantly reduced the clinical manifestations of GVHD, as 
evidenced by histological sampling. 

Effect of rD-mPGPtide on activation antigen expression 
in vivo — day 4 TDL To begi n i n vest igat i ng the mcchan is m 
by which rD-mPGPtide prevents the onset of GVHD ? we 
examined the cell surface of CD4* T cells from transplanted 
mice for the expression of activation antigens including IL- 
2-rcceptor (1L-2R; CD25), Fas (CD95). and Transferrin- re- 
ceptor (Tr-R; CD71). Irradiated (950 cGy) (B6CB)F, mice 
were transplanted with 10 7 (B6D2)Fj 004" T cells, and on 
day 4 positransplant their thoracic ducts were cannulated, 
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Untreated rD-mPGPtide ATBM 



Experimental Groups 

Fig 5. Dyskeratotic cells in the epidermal layer of ear skin were 
quantitated Wlinear mmol/L) for the same tissue samples as de- 
scribed in Fig 4, AC. Approximately 10 linear mmol/L were counted 
in each ear specimen (two mice per group). 
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Rg 6. Activation phenotype of TDL cells collected 
from mice undergoing GVHD is altered by treatment 
with rD-mPGPtide. (B6CB)F, mice (five mice per 
group) were lethaliy irradiated (950 cGy) and trans- 
planted with allogeneic (B6D2JF, CD4* T cells (1 x 
10 7 ). Recipients were either left untreated or rD- 
mPGPtide 10,5 mg) was administered IV on days 0 
and 3, Mice were cannulated on day 4 and TDL cells 
collected over an 8- to 10-hour period. I A) Expression 
of CD25, C071. and C095 as a percentage of the small 
lymphocytes and the blasting lymphocytes. IB) Flow 
cytometric profile of the CD4" TDL cells for expres- 
sion of 11-2 receptor (CD25). The negative control 
samples for the control and peptide-treated lym- 
phocytes were 0% positive for CD25 with a mean 
fluorescence of 0.153 and 0.158. respectively. The 
negative control samples for the control and peptide- 
treated blast cells were 9% and 7% positive for CD25, 
respectively, with a mean fluorescence of 0.226 and 
0.232, respectively. 
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TDL were collected over an 8 to 10 hour period, and flow 
cytometric analysis was performed on the retrieved cells. 
Transplanted mice (3 per group) were either left untreated 
or were injected IV with 0.5 mg rD-rnPGPtide on days 0 
and 3. The TDL collected from each group were exclusively 
donor-type CD4* T cells; however, the flow yield of TDL 
collected from peptide-treated mice was significantly less 
than those of the untreated mice, 4 X 10" cells/mL versus 7 
X 10 s cells/mL, respectively. Both experimental groups of 
TDL contained a high percentage of blast-like cells (26% to 
28%), and were analyzed as a separate population from the 
remaining small lymphocytes. As shown in Fig 6A, the per- 
centage of TDL cells expressing the activation antigen CD25 
was very high (90% for blast cells and 60% for non-blast 
cells) in the mice undergoing GVHD. suggesting that the 



allogeneic donor CD4' T cells were reacting to the host 
alloantigens. Treatment of the mice with rD-mPGPtide re- 
sulted in a 30% reduction in the percentage of non-blast 
cells expressing 1L-2R and a 10% reduction in the percentage 
of blast cells expressing IL-2R. More notable, were the 
changes in the mean antigen expression of 1L-2R on both 
the blast cells and the non-blast cells. Nearly a three-fold 
reduction was seen for both populations (Fig 6B). Tr-R ex- 
pression was also affected in a similar manner: however. Fas 
appeared to be expressed at a level of 50% in both cell 
populations and remains unchanged in the peptide-treated 
group (Fig 6A). 

Alhreactiviry ofG VHD TDL cells. As a measure of allo- 
reactivity, MLR cultures were established using the TDL 
collected above as responder cells. These cultures were stim- 
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Fig 7. Alloreactivity of TOL cells collected from 
mice undergoing GVHD is reduced by treatment with 
rD-mPGPtide. The TDL cells were collected in the 
same manner as described in Fig 6 and the data are 
representative of three similar experiments. (A) MLR 
proliferation responses to irradiated host (B6CB)F, 
splenocytes were performed as described in the Ma- 
terials and Methods section. Data is expressed as 
the response index of proliferation ± SEM. (B) CTLL 
proliferation supported by culture supernatantsfrom 
TDL alloresponses. Oata is expressed as CPM pHJTdR 
incorporation ± SEM. 



ulated with either irradiated (15 Gy) (B6CB)F, splenocytes 
or media alone for 48 hours and pulsed with [ 3 H]TdR as a 
measure of proliferation for the final 24 hours. As shown in 
Fig 7A, [ 3 H]TdR incorporation by TDL from untreated con- 
trol mice was enhanced in response to (B6CB)F, stimulator 
cells, as compared with the syngeneic (B6D2)F, stimulator 
cells. TDL collected from the rD-mPGPtide- treated mice 
exhibited a 50% reduction in proliferation when incubated 
with the allostimulator cells as compared with the untreated 
TDL proliferation (P < .01). Furthermore, proliferation re- 
sponses to third party alloantigens (SJL spleen cells) remains 
intact following peptide treatment (P > .05). These results 
suggested that proliferative responses to alloantigen are im- 
paired in the peptide-treated mice. To further analyze this 
proliferative response, culture supernatants from another rep- 
resentative experiment were removed after 24 hours and 
analyzed for cytokine content by a CTLL bioassay. As 
shown in Fig 7B, supernatants from the untreated control 
TDL cultured with media alone were not capable of support- 
ing CTLL proliferation. Incubation of TDL with (B6CB)F, 
stimulator cells significantly enhanced the CTLL prolifera- 



tion of the culture supernatants. This proliferation was neu- 
tralized by anti-IL-2 MoAb suggesting little or no LL-4 
production by the TDL in response to the alloantigen stimu- 
lation. The TDL from the rD-mPGPtide-treated mice dem- 
onstrated slightly reduced cytokine production (P > .01), 
which was neutralized by anti-IL-2 MoAb as well, as com- 
pared with the untreated TDL. These results suggested that 
the proliferation defect of the TDL from peptide-treated mice 
may not be entirely accounted for by a reduced capacity to 
produce IL-2. 

DISCUSSION 

In this report, we have described a novel therapeutic ap- 
proach for the treatment of murine GVHD across a MHC 
barrier using a peptide analog of the CDR3 region of the 
murine CD4 molecule, rD-mPGPtide. Experiments per- 
formed both in vitro and in vivo have demonstrated a poten- 
tial for rD-mPGPtide to affect immune responses to alloanti- 
gens. The inhibition of the alloreactive immune response was 
indicated in vivo primarily by the prolongation of survival of 
mice undergoing GVHD and reduced tissue destruction in 
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these mice. This enhanced survival was evident for GVHD 
induced by both unseparated T cells and purified CD4 + T 
cells (Figs 2 and 3). Even a single injection of rD-mPGPtide 
at the time of transplant was effective in delaying the onset 
of disease mediated by CD4* T cells. The protective re- 
sponse of the rD-mPGPtide appears to be specific as the 
control scrambled peptide failed to exhibit significant en- 
hancement of survival as compared with untreated mice in 
this model (Fig 3). 

Upon comparing the two experimental conditions tested, 
unseparated T cells and purified CD4 + T cells, it is apparent 
that the rD-mPGPtide was more effective in preventing the 
GVHD induced by the purified CD4 + T cells. We hypothe- 
size that in the case of the unseparated T cells, the rD- 
mPGPtide has limited effect on the CD8 + T-cell- mediated 
component of GVHD directed to MHC class I antigens, a 
large portion of which may actually be CD4-independent. 13 
Yet, even under these arduous conditions, the CD4-CDR3 
peptide could prolong the survival time of recipient mice by 
at least 2 weeks. 

Based on the animal survival data, it is apparent that the 
alloreactive (B6D2)Fj CD4 + T cells from the donor are less 
potent at mediating GVHD in the rD-mPGPtide -treated re- 
cipient. The anti-host specific donor T cells, themselves, are 
most likely rendered dysfunctional in their ability to respond 
to alloantigen. This is supported by several observations, 
including the reduction of in vitro alloreactivity and activa- 
tion antigen expression by the positively selected TDL col- 
lected from mice treated with rD-mPGPtide. In vitro allore- 
sponses and cytokine production were evident in the TDL 
of the mice undergoing GVHD (Fig 7, A and B); however, 
the TDL from the peptide- treated mice exhibited a 50% 
reduction in the proliferative response to alloantigen, but 
only a 15% reduction in 1L-2 production. This reduced pro- 
liferative capacity could be due to either an inability of the 
T cells to recognize alloantigen or the presence of fewer 
alloreactive T cells due to deletion and/or inhibition of 
expansion. However, these results suggest that the observed 
inhibition of proliferation is relatively independent of IL-2 
production. Furthermore, expression of all three activation 
antigens tested (IL-2R, Tr-R, and Fas) were increased on the 
TDL of GVHD mice (Fig 6A), whereas the TDL from the 
rD-mPGPtide-treated mice exhibited a marked reduction in 
the expression of IL-2R and Tr-R, yet no reduction in the 
expression of Fas. These findings may hold a clue to the 
mechanism by which this CD4-CDR3 peptide analog medi- 
ates inhibition of GVHD. It has been shown previously that 
the expression of Fas is required for the induction of T-cell 
apoptosis on incomplete activation, while the lack of Fas 
expression leads to T-cell anergy. 29 The continued high ex- 
pression of Fas on the TDL from the peptide-treated mice 
may allow for the induction of apoptosis of the allo-specific 
T cells on incomplete activation in the presence of peptide. 
Further investigation into the peptide mechanism is neces- 
sary to clarify this issue. 

Several recent reports propose that alterations in the im- 
mune response can be induced which generate a protective 
effect against various immunologically based disorders. 
These approaches include the polarization in cytokine pro- 



duction from Thl-like to Th2-like phenotypes, 30 * 31 potentia- 
tion of other specific cytokines (eg, TGF/3 32 - 33 ), inhibition of 
T-cell trafficking to target organs, 34 38 or the generation of 
non-lethal regulatory cells in vivo. 39,40 The switching of cyto- 
kine phenotype from Thl to Th2 has been reported to be 
induced by several agents including cytokines 41 and anti- 
CD4 MoAb. 42 * 43 The induction of a Thl immune response 
in GVHD has been correlated with lethality and a switch in 
the response to a Th2 phenotype has been shown to signifi- 
cantly prolong survival. 30,31 In this regard, we investigated 
whether or not rD-mPGPtide was inducing such a cytokine 
switch leading to protection of the transplanted mice. TDL 
taken from these peptide-treated mice demonstrated no ap- 
preciable difference in the IL-2 and IL-4 production profiles 
when stimulated ex vivo by alloantigen (Fig 7B). Therefore, 
our data do not support a rD-mPGPtide- induced cytokine 
switch phenomenon in alloreactive T cells during the devel- 
opment of GVHD to account for the inhibitory effects of the 
peptide. 

In order for the T cells to cause GVHD, they must be able 
to traffic to the appropriate target organs including the skin, 
gut, and liver. Inhibiting the trafficking of these alloreactive 
T cells could also lead to a reduction in the symptoms of 
GVHD. The expression of adhesion molecules such as 
CD44, ICAM-1, VCAM-1, and LFA-1 on the surface of T 
cells play an important role in controlling the trafficking of 
these cells to their target tissues. 33 ' 44,43 The histopathologic^ 
analysis of mice undergoing GVHD suggested that rD- 
mPGPtide was inhibiting the infiltration and subsequent de- 
struction of epithelial tissue in the skin and gastrointestinal 
tract (Fig 4). In addition to the possible inhibition of prolifer- 
ation and expansion of alloreactive T cells, this apparent 
inhibition of trafficking could also be a result of decreased 
expression of adhesion molecules on the surface of the acti- 
vated T cells or insufficient upregulation of the ligand mole- 
cules on vascular tissues. These possibilities are currently 
under investigation. 

The generation of regulatory cells controlling immune re- 
sponses in various mouse models of autoimmunity has been 
previously reported. 39,40,46 Adoptive transfer of these cells 
from protected animals to unprotected autoimmune-prone 
animals can lead to protection from disease and is one way 
of demonstrating the existence of these regulatory popula- 
tions of cells. We examined this possibility by transferring 
spleen and lymph node cells from rD-mPGPtide- treated 
(B6CB)F, mice more than 80 days posttransplantation of 10 6 
(B6D2)F, CD4 + T cells to de novo-irradiated (B6CB)F, mice 
undergoing GVHD by the same conditions. We observed no 
enhancement of survival of the mice receiving adoptively 
transferred lymphoid cells as compared with the GVHD mice 
receiving just donor CD4 + T cells. Thus, it appears that the 
generation of a regulatory population of cells is not responsi- 
ble for the observed protective effect of rD-mPGPtide in 
these mice undergoing GVHD. 

As a therapeutic modality, the rD-mPGPtide peptide 
mimic of the CD4-CDR3 molecular site appears to be an 
effective agent for the prevention of GVHD. We believe that 
the peptide primarily affects the alloreactive T cells that are 
being activated early after transplantation, rendering them 
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incapable of inducing GVHD. Results from recent EAE stud- 
ies 47 with the peptide provide strong evidence that inhibition 
is highly specific for CD4 + T-cell responses to antigens pres- 
ent at the time of exposure to the rD-mPGPtide. One, 2, or 
14 days after treatment, there is no diminution in any of the 
lymphoid cellular compartments, including the CD4 + T-cell 
subset. In addition, lymph node T cells are fully functional 
in their capacity to respond to both recall antigens and to 
third-party alloantigens. The half-life retention of peptide in 
serum in mice is approximately 25 minutes and respon- 
siveness to any type of antigen stimulation is significantly 
inhibited for up to 6 hours after administration, but has virtu- 
ally no effect by 12 hours. Noting this short window of effect 
of the CD4-CDR3 peptide, it is a most intriguing possibility 
that if administered only within the first week of transplant, 
the peptide could leave the remaining non-alloreactive CD4 + 
T-cell population intact for subsequent development of re- 
sponses to opportunistic infections or potential leukemic re- 
lapse. Further studies are planned to clarify these issues. 
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